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In 1898, when our knowledge of filtrable viruses was but a few 
years old, the then ultramicroscopic etiological agent of bovine 
pleuropneumoma was cultivated m a cell-free medium by Nocard, 
et al (63) The morphologic studies of Bordet (3) and of Borrel, 
et al (4) m 1910, and of others later on established the remarkable 
polymorphic character of the microorganism, and the filtration 
experiments through graded collodion membranes earned out by 
Elford (32) m 1929 established that the cultures contamed "par- 
ticles,” 125 to 150 mp m size, which were capable of reproduemg 
not only themselves but also the larger and more complex struc- 
tures For 25 years after its cultivation m serum broth it was 
Rnique among infectious agents, but was practically always 
grouped with the filtrable viruses In 1923, Bridr6 and Dona- 
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tien (6) demonstrated not only that the filtrable etiological agent 
of agalactia of sheep and goats could be cultivated %n mtro m the 
same manner as the microorganism, or virus as it was still called, 
of bovme pleuropneumoma but also that, exceptmg the pathogemc 
and immunologic properties, there was the closest morphological 
and biological resemblance between these two agents (6) Al- 
though m the ensumg penod many commumcations appeared 
deahng with the morphology and mode of reproduction of the 
bovme pleuropneumonia and agalactia nucroorgamsms (43, 53, 
65, 66, 103), another 11 years passed before a new member of 
this group was discovered In 1934, Shoetensack (86) reported 
the cultivation m ceU-free media of morphologically and bio- 
logically similar microorganisms from dogs suffermg of distemper, 
and although insufficient work was done on the relation of these 
nucroorgamsms to the virus of canme distemper, it was neverthe- 
less established that members of the pleuropneumoma group 
occurred m dogs 

In 1935, Kheneberger (44) reported the remarkable observation 
that a pleuropneumoma-hke microorganism could be demon- 
strated m all available strains of SireptohaciUits Tnoniliforrrns, a 
gram-negative pleomorphic bacillus which is a normal inhabitant 
of the nasopharynx of rats and the cause of at least one type of 
rat-bite fever m man Although she has been able to isolate this 
nucroorgamsm (Li) m pure culture and mamtam it m contmuous 
subculture without reversion to StreptobaciUus moniliformis, other 
mvestigators (21, 24) have challenged her hypothesis that such 
symbiosis existed and suggested that the Li nucroorgamsm is a 
variant of the bacillus These studies, however, have led to the 
isolation of other pleuropneumoma-hke, pathogemc nucroorgan- 
isms from rats, unassociated with bactena and distmct from 
Li (47, 48) 

The next important contnbution m this field came m 1936, 
when Laidlaw and EHord (52) reported on a new group of filtrable 
nucroorgamsms which they isolated from raw sewage These 
resembled the other members of the pleuropneumoma group m 
that min ute particles, 125 to 175 nifi m size, reproduced the same 
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type of polymorphic structures, and gave nse to similar micro- 
scopic colomes on sohd media, but differed in not requirmg protem 
for their growth, also they possessed no pathogemc properties 
Seiffert (84) confirmed these observations when he reported the 
isolation of similar microorganisms from filtrates of soil, compost, 
decomposmg leaves, and manure 

Late m 1938, Sabm (75) and Fmdlay, et al (35) simultaneously 
described the isolation of a new pleuropneumoma-hke microor- 
ganism from mice which developed a peculiar nervous disease m 
the course of routme passage of toxoplasma or lymphocytic 
chonomemngitis virus The studies on this group received a new 
onentation when it was demonstrated (74, 75, 76) that this 
filtrable microorganism of the mouse, although capable of multi- 
plying m a cell-free medium in mtro, was an mtraceUular parasite 
in VIVO, with a special a ffini ty for the mesenchymal cells of the 
pleura, peritoneum, and jomts, and that durmg the course of 
its multiplication a typical neurotropic exotoxm was produced 
which gave nse to choreiform nervous signs Furthermore, early 
m 1939 Sabm (76) isolated from normal mice another such micro- 
organism, immunologically distmct from the first, and with such 
limited cellular affimties that it could multiply only m the 
mesenchymal cells of the jomts m which it produced a prohfera- 
tive, progressive, and chrome ankylosmg arthritis Subsequent 
studies (77, 80) revealed that normal rmce are earners of these 
pathogemc microorganisms, especially m their conjunctiva and 
nasal mucosa, and at least five unmunologicaUy distmct types 
have already been desenbed (80) Although attempts to demon- 
strate members of the pleuropneumoma group m pathological 
matenal from patients with rheumatic fever and rheumatoid 
arthritis have met with no success, studies are bemg continued on 
human bemgs (80), and Dienes (28) has already brought forth 
more than suggestive evidence of then existence m the female 
gemtal tract 

At the present time our knowledge has progressed far enough to 
mdicate that there exists m nature a distmct group of filtrable, 
saprophytic and parasitic rmcroorganisms, of which the etiological 
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agent of bovine pleuropneumonia is the prototype, and which 
possess properties that clearly distmguish them from the ordmary 
bacteria, the filtrable viruses, and the nckettsiae 

GENERAL CHARACTERISTICS OF THE GROUP AND METHODS OF STUDY 

Cntena for Identificaiion The criteria which admit a micro- 
organism into the pleuropneumoma group are (1) growth m cell- 
free culture media with the development of polymorphic struc- 
tures mcludmg, “nngs,” globules, filaments, and mmute, filtrable 
elementary bodies, usually 125 to 250 van m size, which are the 
minimal reproductive umts, and (2) the development on suitable 
sohd media of characteristic mmute colomes which may be as 
small as 10 to 20/x and as a rule not larger than 600^ These 
characteristics are shared by the saprophytic as web. as the para- 
sitic members of the group, but the latter are further distmguished 
by their inabihty to grow m cultures that do not contain a high 
concentration of serum protem 

CuUtvation from Infected Ttsmes and Exudates When smears, 
made with animal tissues or exudates m which a pathogemc mem- 
ber of the group has multiphed, are stained with the ordmary 
anihne dyes or by Gram’s method one can find no formed elements 
suggestmg the presence of a microorganism Furthermore, when 
such tissues or exudates are cultured on ordmary sohd or flmd 
media or on media containmg less than 5 to 10 per cent of blood 
or serum, there is usually no growth It is for this reason that 
a number of filtrable infectious agents were beheved to be 
viruses until cultivation on suitable media revealed that they were 
members of the pleuropneumonia group However, even when 
suitable media are employed the primary growth, because it can 
be so unlike that which occurs with the familiar bacteria, may 
fail to be recognized by the ummtiated The media usually con- 
sidered smtable consist of heart-muscle infusion peptone broth or 
agar (2 per cent) havmg a pH of 7 6 to 8 0, to which is added 10, 
20, 30, or even 40 per cent of various animal serums (horse, bovme, 
rabbit) or human ascitic flmd Boiled blood has been mcorpo- 
rated m the basic medium by some (24, 45, 86) and glucose by 
others (75) because primary isolation of certam strains is thus 
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facilitated The use of dned meat extracts instead of fresh meat 
infusion was enough on one occasion m my experience to make 
the difference between growth and no growth 
When a smtable flmd medium is moculated with infected tissue 
or exudate which m itself gives rise to appreciable turbidity, the 
best procedure to follow is subculture of 0 1 to 0 2 ml mto fresh 
medium on the 4th day and agam on the 7th day If the initial 
culture IS not clouded by the moculum the first sign of growth 
may be the development of very shght diffuse turbidity, which 
can be appreciated only by comparison with an unmoculated 
tube of medium, or by the appearance of a shght granular sedi- 
ment An unmoculated tube of the culture medium is, therefore, 
always mcubated along with the moculated ones In primary 
cultures the first turbidity or other evidence of growth may not 
appear for 3 to 14 days Subculture should be earned out as 
soon as growth is suspected, or on the 4th and 7th days if the 
medium remains clear even if a Giemsa-stamed film reveals no 
formed elements of any kmd I have referred to the latter type 
of subculture as “bhnd passage” (75, 76), because good growth 
developed on a number of occasions m such subcultures even 
when the primary culture itself remamed negative over a penod 
of weeks After several senal passages have been earned out 
growth may become apparent as early as 24 or 48 hours That 
the transmissible turbidity which appears m fluid cultures is 
due to the growth of a member of the pleuropneumoma group 
can be proved m the foUowmg ways (a) gram-stamed smears 
reveal no ordmary bacteria and mdeed may show no distmct forms 
of any kmd, (m smears of centrifuged sediments suspended m 
sahne, the microorganisms, though famtly stamed are gram- 
negative) , (b) Giemsa-stamed smears reveal characteristic poly- 
morphic structures, (c) demonstration of large numbers of similar 
polymorphic structures m the dark-field, and most important of 
aU, (d) development of characteristic microscopic colomes when 
some of the flmd culture is seeded on sohd medium contammg the 
same kmd of protem In doubtful cases, the dark-field examina- 
tion may be most misleading smee structures which morpho- 
logically are remarkably similar to these microorganisms may be 
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found in uninoculated tubes especially those incubated at 37° for 
a long tune These “pseudo” structures, however, fail to show up 
m Giemsa-stained films and no colonies appear on sohd media 
The use of 30 per cent serum or ascitic flmd agar for primary 
isolation of these microorganisms from mfected tissues or exudate 
often gives decisive results more quickly, and when the material 
to be cultured is contanunated with ordmary bacteria, it is the 
method of choice The tissue is minced to expose a greater 
surface which is brought mto contact with the soft agar m many 
different places, if the material to be cultured is fluid, 0 1 ml 
of it IS poured on and allowed to spread over the agar The 
optimum colomal development occurs when evaporation of the 
medium is prevented, which is accomplished by insertmg a piece 
of filter paper m the cover and sealmg the Petri dish with parafihn 
(a procedure suggested to me by Dr Homer Swift) Macroscopic 
examination of such an agar plate may reveal nothmg but the 
dried moculum to the uninitiated and oftentunea to the experi- 
enced as well With the aid of a hand lens, however, and some- 
times with the naked eye it is possible to discern the mmute 
colomes which may require as httle as 2 days’ or as much as 7 
days’ mcubation to become apparent These colonies are best 
examined under the microscope, with the substage condenser 
removed, usmg the 10 X ocular and 16 mm objective with obhque 
illumination obtamed from a blue hght by the concave muTor 
Where the growth is not confluent, the isolated colomes appear 
distmctly outhned and shghtly elevated, with a mpple-hke darker 
center or surface vacuolar meshwork, and 10 to 600/i m size 
dependmg on the species and conditions of growth When such 
colomes are present or suspected, the piece of agar on which 
they occur is cut out and streaked on another agar plate which is 
mcubated as before Numerous mmute colomes usually appear 
m a few days along the streaks if microorganisms of the pleuro- 
pneumoma group are present The “pseudo colomes” occumng 
on certam kmds of serum agar described by Brown, Swift, and 
Watson (8) are sufficiently different from those of the pleuro- 
pneumoma group not to cause confusion when their possible occur- 
rence IS appreciated Once colomal growth is established on 
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solid medium, and a Gram stam of a film of such colomes reveals 
no ordmary bactena, it is advisable to establish growth m flmd 
media by droppmg a piece of agar with many such colomes mto 
a tube of flmd medium contammg the same kmd of serum or 
ascitic flmd, whichever may have been present m the sohd 
medium It may take a few days before growth appears and 
when it does it is usually m the form of granules or flakes close 
to the piece of agar, and only rarely as a diffuse turbidity After 
a number of rapid subcultures (sometimes as many as 6 to 10 are 
required) a culture often changes from granular suspension to 
diffuse turbidity When all colomes do not appear the same, it 
IS advisable to subculture smgle colomes on sohd media In this 
manner Sabm and Johnson (80) were able to demonstrate three 
distmct immunological types m a culture from the nasal mucosa 
of a smgle mouse 

When one has thus obtamed characteristic growth on flmd and 
sohd media, it is desirable to demonstrate filtrabihty preferably 
through smtable gradocol membranes before finally classifying 
a microorganism as a member of the pleuropneumonia group 
Filtration through Berkefeld filters, impervious to Serralia 
marcescens, is significant only when it is shown by platmg or dilu- 
tion that a relatively large number of reproductive umts, although 
not necessarily a large proportion of the total, have passed 
through 

General Remarks abovl CondUtons of Growth The saprophytic 
members of the pleuropneumoma group differ from the parasitic 
ones m that they do not require protem for growth and can mul- 
tiply at 22° Although Nocard, et al (63) first cultivated the 
nncroorganism of bovme pleuropneumoma m a medium contam- 
mg 4 to 5 per cent of serum, practically all the other members of 
this group require 10 per cent or more of serum for primary iso- 
lation After adaptation to growth in vitro, multiphcation also 
occurs with smaller concentrations of serum protem Experi- 
ments with the microorganism of agalactia (6) revealed that when 
the concentration of serum is mcreased to 80 or 90 per cent growth 
IS retarded, and m pure serum it is apparentl}" complete^' m- 
hibited, no growth whatever occurred m serum diluted with phi's!- 
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ologic salt solution In the case of bovine pleuropneumonia 
growth was reported to be entirely arrested when 50 per cent of 
the medium consisted of horse serum (94) Although the func- 
tion of the protem is still unknown I have observed m working 
with the microorganisms isolated from mice that some strains and 
types can become so thoroughly adapted to the protem of one 
species that they fail to grow or will grow very poorly when trans- 
ferred to a culture medium containmg the serum of another 
species 

Growth occurs both aerobically and anaerobically, but, with 
the exception of the microorganisms isolated from dogs, it is 
less abundant under anaerobic conditions Whenever the m- 
fluence of pH has been studied it was found that pH 7 8 to 8 0 
IS optimum for growth The addition of various sugars improves 
growth m some instances and not in others In the case of agalac- 
tia, the addition of glucose, levulose, galactose, rafdnose, arabi- 
nose, xylose, sucrose and maltose m concentrations of 1 to 2 per 
cent is reported (6) as exertmg a retardmg effect while lactose and 
manmtol, for example, have a stimulatmg effect Fermentation 
often occurs with the production of acid, and when a pH of 7 0 
or less IS reached growth usually ceases With the mouse micro- 
organisms I found that m the presence of 0 5 per cent glucose, 
subculture is no longer possible on the 3rd day of fully adapted 
cultures, while without the added sugar positive subcultures can 
be obtamed even at the end of a month at 37'^ This amount of 
glucose, however, did not have the same effect on at least one rat 
stram (L 4 ) and not quite as rapid an effect on the microorganism 
of bovme pleuropneumoma 

Reduction of hemoglobm has been observed m cultures of the 
pleuropneumoma microorganisms, and m tests carried out with 
Doctor Joel Warren both hemolysis and reduction of hemoglobm 
were observed on sohd media with the pleuropneumoma, Lj, and 
Types A, B, and C mouse microorganisms but not with Li and L* 

I have also observed that with some strains the yellow pigment 
of the added serum disappears with the first signs of growth 
Certam metabohc studies on the microorganisms of the group 
have been reported (41, 71, 72, 98) 
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Preservation of Cultures Bndr6 and Donatien (6) reported 
that the microorganism of agalactia under aerobic conditions at 
37° lost Its reproductive capacity at the end of a month (presence 
or absence of added sugar not mdicated) Under anaerobic 
conditions, however, or when the flmd culture was covered with 
vasehne after aerobic cultivation, it was stiU possible to obtam 
positive subcultures after a sojourn of 22 months at 37° , cultures 
that were similarly sealed and stored at 0°, 6° to 12°, and 25° 
did not survive as long, faihng to yield growth even after 5 
months In my own work when it was desirable to carrj' cultures 
with sugar added to the medium, they would be stored m the 
refngerator and subcultures made at 10- to 14-day mtervals, 
although with some strains it was stiU possible to obtam growth 
after 6 to 6 weeks Cultures on solid media kept m plates or 
tubes sealed with parafilm may be subcultured at monthly m- 
tervals In order to preserve various strains or tj^pes for future 
studies and before their pathogemc or other properties have 
been changed by too many subcultures, Swift’s method for 
preservmg bacteria has been apphed (92) Twenty-five ml 
or more of full-grown culture is spun at 4000-5000 r p m for one 
hour m an angle centrifuge Approximately 10 per cent of the 
supernatant hquid is left behmd and used for resuspendmg the 
sediment This concentrated suspension is distributed m 0 1 
ml amounts m small cotton-plugged tubes, which are then 
rapidly frozen with sohd CO., and put mto a chilled desiccator 
contammg a large dish of P20s The desiccator is placed m an 
insulated contamer over a tm box contammg sohd CO; so that 
it remains at a temperature of approxunatelj" —10° to —20° 
durmg the entue period of evacuation and dr 3 ’ing v hich usually 
does not require more than 24 hours Smtably dried specimens 
appear as a white or shghtlj' 3 ’'ellowish bit of foam The tubes 
are sealed with picem and stored at room temperature to prevent 
the seal from cracking To reconstitute, a small amount of 
medium is added to the dried material and transferred to a tube 
or flask of fresh medium Cultures dried m this manner ha\e 
juelded positive subcultures after more than a jear of storage 
Drjung of cultures from the frozen state on the hludd-Flosdorf 
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apparatus has for some reason been unsuccessful on a number of 
occasions, on the other hand, I have had no difficulty m preserv- 
mg the same microorganisms m infected tissue dned with this 
apparatus 

Morphology and Mode of Reproduction The existing descrip- 
tions of the morphology and mode of reproduction (3, 4, 25, 43, 
53, 65, 66, 94, 96, 103) have varied a good deal dependmg on (a) 
whether the mvestigator followed the growth on sohd or hquid 
media, (b) the type or age of culture used, and (c) the method of 
exammation, i e stained films, agar fixation, or dark-field It is 
remarkable how different is the impression gamed of the mor- 
phology of one of these microorganisms from an exammation of 
preparations of colomes on sohd media, and of stamed films or 
dark-field preparations of growth on hqmd media Qmte aside 
from the recogmzed fact that the growth umts may be so plastic 
as to imdergo considerable distortion m films and smears, the 
usual preparation from a colony on sohd medium presents such 
large discs, globules, and even amorphous masses with chromatic 
bodies, that the general reaction of utter confusion is not limited 
to the unimtiated Near the edge of such a preparation one can 
find structures which are similar to those seen m hqmd media 
While not denymg that studies of growth on sohd media are es- 
sential for the ultimate concept of the true mode or modes of 
reproduction, I personally find it much less confusmg and defi- 
mtely more decisive for comparative purposes to study the growth 
on fluid media either stamed or with the dark field By these 
methods one can find morphological differences even among 
different types found m the same species of animal For ex- 
ample, the Type A rmcroorganism of the mouse exhibits the 
elementary-body-hke granules, small baciUiform or spmllar 
forms durmg the early phases of growth, the rmgs, tnangles, 
quadrangles, etc with the denser bodies distributed irregularly 
through these structures , but at no time have streammg filaments 
attached to these structures been found such as are regularly seen 
m the Type B microorganism and m certain other members of the 
group 

While various mvestigators have descnbed many distinct types 
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of reproduction, the following synthesis by Ledingham (53) for 
the microorganisms of pleuropneumonia bovis and agalactia 
corresponds most to my own observations on many other members 
of this group with certam allowances for mdividual differences 

“Commencmg with the filterable viable element we note its spore- 
like capacity to pullulate to filamentous and ramifymg elements The 
protoplasmic substance of these filaments, whether at their extremities 
or m their course, retains the power to elaborate the more deeply stamed 
chromatic and consohdated nodes from which further momhform 
growth proceeds The term ‘monihform’ I use only for convemence 
to express the beaded character of the growmg filament Unhke those 
of a mondiform streptobacdlus the “beads” exhibit the greatest vanety 
m size and shape, particularly durmg the early stages m their develop- 
ment In early colomal growths, as I have described and figured, these 
chromatic condensations may assume considerable dimensions, bizarre 
shapes and a qmte characteristic differential reaction of them outer and 
inner parts to the Giemsa stam, and their further puUulation by a urn- 
polar or multipolar pseudopodial buddmg process furnishes the great 
mass of polymorphic units, rmgs, spheres, filaments, etc present m 
cultures at the penod of maximal growth ” 

Growth on Chorioallantoic Membrane and in Tissue Culture 
Tang, et al (95) moculated 9- to 11-day-old eggs with a culture 
of pleuropneumoma bovis “Oedema and sometimes white 
spots” were found throughout the chorioallantoic membrane 
Although the embryos were usually dead 3 or 4 days after mocu- 
lation, positive cultures were obtamed only from the chorioallan- 
toic membrane and from the surface of the embryo but not from 
the mternal organs, yolk or ammotic fimd While the}’’ saw all 
the usual forms of the microorganism on dark-field examination, 
they found no c 3 doplasmic or mtranuclear mclusions in Giemsa- 
stamed scrapmgs from affected areas of the chorioallantoic mem- 
brane Sulhvan and Dienes (91) working ■with nucroorganisms 
isolated from mice (some of which I identified as T 3 ’pe A) re- 
ported that they ■a'^ere unsuccessful m obtaining growth on the 
chorioallantoic membranes of chick embryos m the usual manner, 
but by chillmg the embryo to death at 4° prior to incubation the}’ 
were able to obtam gro’wth and serial passage Swift (personal 
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commumcation) observed that the Type A roicroorgamsm of 
mice IS the only one that grows not at all or very feebly on hvmg 
chorioallantoic membranes of chick embryos, while the Type B 
rmcroorgamsm, certam rat strains, and pleuropnemnoma grow 
weU, m all instances, however, growth was better with embryos 
that were kiUed by cholhng I was able to obtain growth and 
serial passage of the T 3 rpe B microorganism m a medium con- 
sistmg of 0 1 ml of minced mouse embryo tissue and 4 5 ml 
Tyrode’s solution with no added serum The multiphcation m 
this medium appeared to be predommantly mtracellular Sull- 
ivan and Dienes (91) usmg mouse microorganisms demonstrated 
growth on a nunced-chick-embryo-tyrode solution medium as 
well as on embryo-tyrode-agar (Zinsser, et al 107) 

Thermal Death Point While some members of the pleuropneu- 
moma group are killed by relatively low temperatures, the thermal 
death pomts of others are m the same range as those of most 
viruses and bacteria Thus the T 3 Tie A microorganism of nnce 
IS killed by a temperature of 45° mamtamed for 15 mmutes (74, 
75), while other types isolated from mice (31) are not affected by 
45° or 50° m 15 minutes but are killed at these temperatures m 
30 mmutes, or at 55° in 15 mmutes Laidlaw and Elford (52) 
reported that the majority of "sewage microorgamsms” were 
killed at 45° m 15 minutes and that none withstood 55° for 5 
mmutes The microorganism of agalactia on the other hand is 
reported (6) to resist 50° for IJ hours, and 53° for 7§ mmutes 
but not for 10 mmutes The microorganisms of the dog are 
killed at 48° m 30 mmutes, 50° m 10 to 20 mmutes, and 55° 
m 5 minutes (87) The Li microorganism associated with 
Streptohacillus moniliformis resists 63° for 15 mmutes (45) The 
filtrable agent of spontaneous polyarthritis of rats (subsequently 
identified (1, 49) as belongmg to the pleuropneumoma group) 
IS killed by 40° m 4 hours, 42° m 60 to 75 mmutes, 44° m 30 
mmutes, 45° m 10 minutes, 46° m 6 mmutes, 48° m 4 mmutes, and 
50° m 2 mmutes (CoUier, (15)) CoUier’s data are given here 
m detail because they are extensive enough to mdicate the curve 
of denaturation of the viable material In contrast to this 
marked labihty, one may note that the filtrable pyogemc agent 
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from rat sarcomas (identical with the L4 microorganism of the 
rat pleuropneumonia group) was reported (100, 101) to be only- 
attenuated at 56° m 30 to 60 mmutes and completely mactivated 
after one hour at 60° Another stram of the Li microorganism 
(at first called Lt) isolated from the jomts of rats -with spon- 
taneous polyarthritis was reported to be killed by heatmg at 50° 
for 30 minutes (37) Whether or not this means that different 
strams of the same serological tj^ie can have distmct thermal 
death pomts, is, of course, problematical 

Virulence of Cultures The pathogemc properties of cultures 
of the various microorganisms will be discussed later on, but it 
can be stated here that cultures of some of the members of this 
group lose their virulence after but a few passages in vitro while 
others remain pathogemc for more than a hundred passages 
Furthermore, the medium on which a given stram is grown may 
also modify its pathogemcity (30) While Fmdla}’-, et al (37) 
stated that "it seems that all pleuropneumoma-hke organisms 
require an adjuvant such as agar or cells to start infection, if 
mjected mto animals”, that has not been found necessary with 
the microorganisms of bovme pleuropneumoma, agalactia, and 
those I isolated from mice 

Bovine Pleuropneumonia and Properties of the Etiological Agent 

Bovme pleuropneumonia is a highly contagious disease of cattle 
characterized by extensive consohdation, pleurisy, and subpleural 
effusion affectmg usually one and sometimes both lungs In 
young calves there is occasionally also jomt mvolvement The 
disease, one of great economic importance, has been recog- 
nized m Europe for over 200 years, and at present is distnbuted 
throughout the world -with the exception of North America, 
Western Europe, and India (97) It appeared m the USA 
m 1843 but was finallj’- eradicated The infectious agent was 
earl}' shown to be present m great concentration m the serous 
exudate or l}'mph of the lung by subcutaneous moculation mto 
other bomnes which develop after an mcubation period of 8 to 
15 days an extensive edema spreadmg from the site of moculation 
Cattle, so moculated, have fever and often die but never develop 
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the lung lesions so characteristic of the natural disease or any 
other lesion^ excepting that directly associated with the site of 
inoculation, recovered animals, however, are immune not only 
to remoculation but also to the natural disease Although it is 
generally assumed that m nature the disease is transmitted by 
droplet infection through the respiratory tract, it is practically 
impossible to reproduce it experimentally by this route, even after 
mtratracheal mjection of highly virulent lymph, or by any other 
route In a renewed attempt to produce pleuropneumoma by 
mtratracheal moculation, Danbney (20) succeeded only once m 
22 trials with highly virulent lymph In view of the highly 
contagious character of the disease one wonders if the infectious 
agent may not have to be carried mto the lung tissues by some 
parasite, a possibihty which does not seem to have been mves- 
tigated thus far, and which nught well repay mvestigation par- 
ticularly m view of Shope’s recent observations on the virus of 
swme influenza (89) 

The infectious agent, which was early shown to pass through 
filters retainmg the known bacteria (29), could not be grown by 
ordinary procedures or demonstrated m stamed preparations of 
the pathological exudates and tissues, until Nocard and Roux m 
collaboration with their students (63) adopted the collodion sac 
techmque previously used by Metchnikoff, et al (57) m studies 
on cholera The collodion sacs, containing ordmary broth and 
a “trace" of virulent lymph, were sealed and implanted mto the 
peritoneal cavity of rabbits and gumea-pigs After 15 to 20 days 

' An observation by K F Meyer (68a) is of great interest with respect to the 
predilection of so many members of the pleuro-pneumoma group for the jomta 
He reported “Lung-sickness virus collected from a sick animal and used for 
prophylactic inoculations [tail] in cattle, produced in animals of different ages a 
polyarthritis serofibnnosa This phenomenon was not due to individual disposi- 
tion, as IS occasionally observed in calves, but it was specific for the strain of 
virus used by us The subcutaneous inoculations of synovial liqmd of ammals 
affected by this particular strain produced, besides the typical local reaction, a 
poly-arthntis in all animals [bovines] experimented on The synovial liquid 
represented a pure virus, and the micro-orgamsm of pleuro-pneumoma could be 
cultivated from it The specific action of the strain became lost in subcultures or 
by passage through an anunal, and no secondary j oint affections could be produced 
subsequently by inoculation of cultures ” 
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growth was present m the sacs implanted in the rabbits but not 
m the gumea-pigs Serial passage was accomplished and the 
cultures were proved to be virulent on subcutaneous mjection 
m cattle which upon recovery were immime to remoculation with 
virulent lymph They soon discovered, however, that this 
laborious techmque was unnecessary, and that they could obtain 
growth %n miro by usmg an especially rich peptone medium to 
which was added a small amount of bovme or rabbit serum 
They were also first to make use of a step which all new mves- 
tigators, who find themselves studymg a member of the pleuro- 
pneumoma group, sooner or later discover for themselves, that 
the ordmary critena used for judgmg growth of bacteria may not 
sufi&ce, they said “La culture du microbe de la p§npneumome 
est abondante, pourtant, eUe ne provoque qu’un trfes 16ger louche, 
une opalescence peme sensible du hqmde, on est oblig4, pour se 
convaincre de la riakii de la culture, d’examiner comparakvement, 
d c6t4 d'elle, un tube de meme bouidlon non ensemenci ” [My itahcs] 
Subsequent work by Bujardm-Beaumetz (29) established its 
growth on sohd media, and that of Bordet (3) followed by Borrel, 
et al (4) revealed for the first time the complex morphology of 
the infectious agent on artificial media It was Borrel and his 
coworkers (4) who first proposed the name of “Asierococcus 
mycoides” for this nucroorganism because it recalls “les prmcipaux 
caract^res de ce microbe mt^ressant, game muqueuse, filaments 
pseudo-mycdhens, polaritfe multiples”, and it is of mterest to 
quote their prophecy, which took 13 years to come true, namely 
“n est difficile en I’dtat actuel de le comparer k d’autres types 
puisqu’il est le seul connu de son espfece, mais on pent ddjk 
prdvoir qu’il ne restera pas isol6 dans ce groupe ” 

A strain of pleuropneumoma bovis which has grown tn miro 
for some tune imparts a distmct turbidit}'^ to the flmd medium 
which upon shaking exlubits silk-hke whorls, that are not seen 
with any other member of the group described thus far The 
tendencj'^ to form long chams of rmgs may be responsible for this 
property Tang, et al (94) workmg with strams isolated m Chma 
mdicated that no groviih was observed m plam broth, blood broth, 
htmus milk, blood agar, Loeffler’s serum and Bordet-Gengou’s 
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medium They found that “hormone" broth with 2 per cent 
peptone and 10 per cent horse serum was the best Certam 
carbohydrates are fermented with the production of acid but not 
gas “Glucose, fructose, mannose, maltose and dextrm were 
strongly fermented, sucrose and trehalose only shghtly attacked, 
while raffinose, muhn, galactose, sahcm, xylose, manmtol, 
arabmose, amygdahn, lactose, dulcitol, iso-dulcitol, sorbitol, 
mositol, erythntol and adomtol were not acted upon ” They 
also stated that the microorganism was bile-soluble, it reduced 
hemoglobm m fluid cultures when freshly isolated and for a cer- 
tam number of passages thereafter, but that old strains lost this 
property Five minutes’ contact with anaesthetic ether was 
enough to loll it 

As regards the host range of the infectious agent of pleuro- 
pneumoma bovis, Willems (99) established m 1850 that matenal 
which infected cattle was innocuous for the goat, sheep, dog, 
swme, rabbit, guinea-pig, poultry and man Dujardin-Beau- 
metz (30) reported that while cultures m bovme-serum broth 
had the same limited host range as the ongmal lymph, the same 
microorganisms grown m cultures contaimng sheep or horse 
serum, were highly infectious for sheep and goats In these 
animals the cultures produced not only the marked swelhng at 
the site of subcutaneous infection but on occasion also fever, 
polyarthritis, and death With cultures, presumably grown m 
horse-serum broth, Tang, et al (94) were also able to mfect goats 
and one water buffalo, but not “white imce, hamsters, albmo 
rats, gumea-pigs, rabbits and cats after subcutaneous, mtra- 
peritoneal, mtracerebral, mtravenous and m some cases mtra- 
testicular moculation ” [See also Walker (97)] 

Agalactia of Sheep and Goats and Properties of the Etiologic Agent 

Agalactia receives its name from the manifestation which first 
drew attention to the disease, but careful clmical and experimental 
studies have established that it is a systemic disease, affectmg 
males and females alike, with particular mvolvement of the jomts, 
the eyes, and m lactatmg sheep and goats the mammary glands 
(9) Agalactia has been predommantly a European disease. 
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being especially prevalent in the mountainous regions of Italy, 
France, and Switzerland, m recent years it has occurred in Al- 
geria The course of the disease may be acute or chrome While 
death may ensue before the appearance of the usual lesions, that 
does not occur often and the animals exhibit arthritis, keratitis 
and occasionally a vesiculo-pustular skm eruption, the lactatmg 
females develop mastitis and the scrotum may be inflamed m the 
males The infected mammary glands stop secretmg milk, 
develop many mdurated nodules, and atrophy The jomts usu- 
ally affected are those of the carpus and tarsus and less often the 
femoro-tibial, humero-radial, coxo-femoral and metacarpals 
In most animals the arthritis clears up, while m some the process 
occasionally goes on to abscess-formation with mvolvement of 
the articulatmg surfaces and ultimate ankylosis In the chrome 
form of the disease there may be remissions and exacerbations 
of the arthritis without ultimate deformity There is usually 
generalized wastmg of the musculature The pregnant animals 
abort givmg birth to dead fetuses or monsters 
The etiological agent has been shown to be flltrable (9, 10) 
It IS present m the secretions of the infected mammary glands, 
eyes, and jomts, and m the early stages of the disease m the blood 
Intravenous moculation or even feedmg of infectious material 
can produce the typical disease with localization m the mammary 
glands, jomts and eyes, mdicatmg that the agent has a special 
aflSmty for these tissues In 1923, Bridr6 and Donatien (5) first 
cultivated the infectious agent (from the flmd of an affected jomt) 
in broth containmg 20 to 30 per cent of horse serum The cul- 
tures so obtamed and others grown subsequently from infected 
milk or lymph nodes reproduced the disease m sheep and goats 
The cultures were shown to be infective by the cutaneous, sub- 
cutaneous, intra-articular, and mtravenous routes Bridr6 and 
Donatien recogmzed the close morphological, cultural, and bi- 
ological resemblance of their microorganism to that of pleuro- 
pneumoma boins, but were able to show that the two were 
different m their pathogemc properties and that there was no 
serological relationslup or cross immumty between them (6) 
The imeroorgamsm of agalactia grows m cows’ and goats’ 
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milk Without producmg any obvious change m the medium, while 
at least one strain of bovme pleuropneumoma microSrganism 
tested by Bridr6 and Donatien (6) failed to grow m milk Some 
sugars like glucose, levulose, galactose, raffinose, arabmose, xylose, 
sucrose, and maltose retard growth while others like lactose, 
mannitol and erythntol favor it Good growth occurs m the 
presence of staphylococci and certain other bacteria and when 
these organisms are encountered m the first cultures of infectious 
matenal, one need only remove them by filtration through a 
suitable Berkefeld “V” or Chamberland Li candle to obtain a 
pure culture of the agalactia agent 

Pleuropneumoma-hke Mzcrodrgamsms of Dogs and Their Relation 

to Canine Distemper 

In 1934, Shoetensack (86), workmg m Japan, reported the iso- 
lation of pleuropneumonia-like microorganisms from matenal 
obtained from dogs with distemper His own illustrations and 
the subsequent work done on his strains by Kheneberger (47) 
leave no doubt that the filtrable microorganisms he called As- 
ierococcus cams are mdeed, as he himself mdicated, members of 
the pleuropneumonia group Their role m the etiology of camne 
distemper is, however, another matter At first he cultivated 
these nucroorganisms from the purulent nasal secretions, and 
moculated one-half of an agar slant of a 4-day, 7th generation 
culture subcutaneously mto 4 puppies, 2 weasels, 4 gumea-pigs, 
and 4 rabbits with negative results Then from a dog, dymg of 
a spontaneous “distemper-hke” disease the same type of micro- 
organism was grown from the purulent secretions of the eye and 
nose, from the lung, pencardial flmd, and hver A filtrate 
from the lung of this animal moculated subcutaneously mto 
a new dog led to death m 18 days after a severe attack of the 
respiratory type of distemper From this dog the same micro- 
organism was agam cultured from the lung, pleural exudate, and 
hver Inoculation of the 8th generation of this culture presum- 
ably produced distemper m 3 puppies The lungs, spleen, hver, 
and pericardial flmd of 9 healthy dogs were cultured m a similar 
manner but m no instance were these nucroorganisms encoun- 
tered 
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In 1936, Shoetensack (88) reported that m 14 of 15 dogs which 
died of typical respiratory distemper, A cams, Type I, could be 
cultured from one or more organs — always from the lungs, and 
occasionally from the kidneys, bram, and “glands ” A cams, 
Type n (biologically and serologically different from Type I) 
was found m only 3 of these dogs He beheves that Type II 
IS “seemingly unable to act as the first mvader m the case of 
contagious respnatory type of canme distemper, and can be 
conceived to be actmg only a part of the role m the disease, 
appealing together with the Type I organism m some cases of 
canme distemper of the contagious respiratory type Sometimes 
It IS also found m spontaneous pneumoma m dogs ” (87) Con- 
cermng prophylaxis with a “dead organism vaccme” prepared 
from pure cultures of A cams, I and II, Shoetensack states 
“The dogs which received two mjections of 2 c c each of the 
vaccme have shown results which go to demonstrate the vaccme 
as a means of prophylaxis against infection from canme dis- 
temper ” (88) The control dogs all died of severe distemper, and 
positive cultures of the Type I and II microorganisms were ob- 
tamed from them The 5 vaccmated dogs hved longer, died of 
other conditions, and no Asterococci could be cultured from them. 

A critical exammation of the data leaves one m doubt as to the 
relationship between the virus of canme distemper and the micro- 
organisms of the pleuropneumonia group which were so con- 
stantly present m the exudates and tissues of the sick dogs The 
existmg data do not even permit a statement on the pathogemcity 
of the dog rmcroorgamsms, and further study of the entire ques- 
tion, mcludmg the possibihty of a double etiology of canme 
distemper, certainly seems mdicated In this respect some 
recent observations of Pinkerton (70) on mink distemper are of 
mterest Fmely minced lung, spleen, kidney, and bladder tissues 
from eight minks moribund or dymg of distemper were spread 
over horse-serum-agar slants (Zinsser, Fitzpatrick, Wei medium) 
and mcubated at 37° While the majonty of the cultures re- 
mamed sterile and no microorganisms or defimte mclusions were 
found m films, several cultures representmg lung, kidney, and 
bladder tissue from one mink and bladder tissue from another, 
developed irregular focal areas of cloudmg, 2 to 5 mm m diam- 
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eter, m the substance of the medium imderlymg certam of the 
tissue fragments Film preparations revealed a heavy growth 
of a mmute, spiral microorganism which Pinkerton beheved to 
have certam morphological characteristics m common with that 
of bovme pleuropneumonia This microorganism was carried 
for several transfers on the Z P W medium without tissue, and 
submoculations on blood agar remamed sterile Intracellular 
clusters of the organism were observed m the first culture on the 
Z F W medium, m which the ceils were those of mink tissue, as 
weU as m plasma-tissue cultures and m Maitland medium usmg 
gumea-pig lung and spleen It was then found that the micro- 
organism would also grow m blood broth m which it produced a 
fine cloudmg After three transfers m this medium, large 
amounts of culture were moculated mto five ferrets known to be 
free of present or past infection with distemper, three subcu- 
taneously and two mtranasally All of them remamed weU for 
6 weeks and subsequent moculation with moderate doses of the 
ongmal mmk virus produced typical fatal distemper infection 
m all five of the ferrets I examined some films of this micro- 
organism which Doctor Pinkerton was kmd enough to send me, 
and my impression is that it cannot yet be mcluded m the pleuro- 
pneumonia group chiefly because of the absence of the charac- 
teristic polymorphic forms and because not enough is known of 
its capacity to grow, or its type of growth, on sohd media 

Plmrojmeurnonia-hke MxcrodrgamsTns of Rats 

“Li” Smce many rats normally carry Streptobaciflus momk- 
formis m their nasopharynx (90), its symbiont or variant desig- 
nated Li by Kheneberger, may be regarded as the first pleuro- 
pneumoma-hke rmcroorganism demonstrated m this species (44, 
45) The peculiarities of this microorganism will be discussed 
separately later on, but it may be mentioned here that on at least 
one occasion Li has been isolated directly from the lung of a tame 
rat mdependently of Sir&ptohaciUus momliforrms (47) 

”Li ” In 1937, Kheneberger and Steabben (46) exammed the 
lungs of 19 rats exhibitmg chronic "bronchopneumoma” or 
“bronchiectasis” and from 17 they isolated pleuropneumoma- 
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like nucroorgamsms often in pure culture, which they at first 
called Li Subsequent immunologic and other studies (47) re- 
vealed however, that, with at least one exception, they were deal- 
ing with a distinct nucroorgamsm which was given the name Lj 
Lungs of normal appearance from 10 rats were also cultured at 
that time but all with negative results In 1940, Kheneberger 
and Steabben (50) reported additional studies on the lungs of 
rats of different ages comprismg a total of 251 laboratory rats and 
17 wild ones Lung lesions were present m 108 laboratory rats 
but pleuropneumoma-hke microorganisms were recovered from 
the lungs of 138, there were altogether 46 out of 139 rats, 8 months 
of age or younger, with lungs of normal appearance which yielded 
these microorganisms on culture The authors refer to all these 
microorganisms as La, although there is no mdication that more 
than 4 strains were typed serologically There is still the pos- 
sibihty, therefore, that the pleuropneumoma-hke microorganisms 
m the lungs of rats may belong to a variety of serological and 
biological types Among the 17 wild rats they found only one 
with lung lesions and that one yielded an Ls microorganism con- 
firmed by serological typmg, the lungs of the remaining 16 gave 
negative cultures 

Although it has not proved possible to produce any pulmonary 
lesions or any other pathogemc effects m rats with cultures of Lj 
nucroorgamsms, Kheneberger and Steabben (50) are mchned to 
regard them as havmg some connection with the causation of the 
natiual disease Subcutaneous or mtraperitoneal moculation of 
Lj cultures, particularly when mixed with agar, mto mice has 
produced abscesses but there is as yet no evidence that the 
microorganism was multiplying in the mouse and not m the 
implanted agar, no symptoms, however, resulted from mtra- 
cerebral moculation m mice (50) Doctor Joel Warren informs 
me that mtravenous moculation of Lj cultures m mice produced 
no apparent disease 

“L4 ” Early m 1938, Woglom and Warren (100, 101) reported 
that under certain conditions suspensions of sarcoina 89 pro- 
duced abscesses upon subcutaneous moculation in rats These 
abscesses were transmissible by Berkefeld filtrates contaimng 
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no demonstrable bacteria Upon mtravenous mjection in rats 
the filtrable agent produced widespread suppuration mvolving 
especially the extremities, the testis, and the soft tissues about 
the head and larger ]omts The mouse was even more sus- 
ceptible to this agent than the rat, but gumea-pigs and seemingly 
also rabbits were refractory, it could be cultivated m serial pas- 
sage on the chorioallantoic membrane of the chick embryo 
C 3 dnplasnuc mclusions were reported m the epithehal cells of 
the skm overlymg the abscess 

Somewhat later m 1938, Kheneberger (47) reported the isolation 
of a new pleuropneumonia-hke microSrganism from the "swollen 
submaxillary gland” of a rat She called it L* because it was 
culturally and serologically different from Li and L* Upon 
culturmg some of the infective material of Woglom and Warren 
she discovered that the filtrable pyogemc agent was identical 
with the L* microorganism (48) The L* cultures could produce 
an abscess upon subcutaneous moculation but had no effect 
whatever upon mtravenous moculation However, when some 
of the material from an abscess produced by a culture was m- 
jected mtravenously, the effects of the ongmal filtrable agent 
were reproduced Woglom and Warren (102) confirmed these 
findmgs In my hands, cultures of an L 4 stram given me by 
Doctor Warren produced "polyarthritis” and suppuration m the 
mterscapular region upon mtravenous moculation m mice, none 
of the mice died and the "polyarthritis” disappeared spontane- 
ously 

Still another condition, m which the L 4 microorganism ulti- 
mately was shown to be of etiological relationship, came to hght 
m 1938 Colher, (11, 12, 13, 16, 17, 18) workmg m Java, found 
that the spontaneous "polyarthritis” (swollen extremities) ob- 
served m a wild rat (Rattm norvegicus) could be transmitted to 
white rats m serial passage The infectious agent, which could 
not be identified with any cultivable bacteria, was shown to be 
widespread m the body and capable of producmg a polyarthritis 
regardless of the route of moculation Some of the rats died of a 
systemic infection, and m the survivors the arthritis cleared up 
spontaneously Fmdlay, et al (37) reported findmg a similar 
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spontaneous "polyarthritis” among pure-bred laboratory rats 
m London They were able to transmit this condition to other 
rats with bactena-free, gradocol-membrane filtrates and showed 
that the etiological agent is identical with a pleuropneumoma- 
like microorganism which they at first called “Lr” but which 
was subsequently found to be serologically identical with Lt (49) 
This “In” stram was pathogemc for rats and mice but not for pigs, 
rhesus and cercopithecus monkeys, rabbits, gumea-pigs, voles 
and hedgehogs Later, Beeuwkes (1), workmg m Java m the 
same laboratory with Colher, reported the isolation of two strains, 
one from the infectious agent of spontaneous polyarthritis of the 
rat and the other from a similar agent obtamed from rats after 
moculation with material from a patient with acute rheumatic 
fever These two strains appeared to be identical biologically 
but smce then- serological type was not determined, one cannot, 
of course, regard them as representatives of Li 

Summary Three distmct biological and serological types 
have thus far been found m rats Li, Ls, and L 4 Li occurs usually 
in association with StreptobaciUus moniliformis and is not patho- 
gemc without it Lj has been found m normal lungs and m lungs 
with chronic bronchiectatic lesions, but it has not yet been found 
to be pathogemc m rats and the extent of its pathogemcity for 
mice has yet to be elucidated L 4 has been shown to be the cause 
of spontaneous polyarthritis of rats and apparently is also latent 
somewhere m the body, smce it has also showed up m a “swollen 
gland,” m transplantable tumors, etc L 4 is pathogemc for rats 
and mice Little is known of the natural habitat of these micro- 
organisms m rats 

Pleuropneumonia-like Microorganisms of Mice 

These mircoorganisms were first encountered m mice m 1938 
durmg the course of experiments with Toxoplasma (74, 75) and 
the virus of lymphocjdic chonomemngitis (35) , and the first stram 
was isolated simultaneously m Amenca and England from the 
brains of mice infected with those agents Durmg the next two 
years a number of other biologically and immimologically distmct 
species were found m mice and it was shown that their natural 
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habitat was m the conjunctiva, the mucosa of the nose and 
occasionally trachea, and oddly enough m the brain Many 
different stocks of mice were shown to be earners of these nucro- 
organisms (77, 80) Prehmmary experiments have revealed that 
newborn mice do not harbor them, and acquire them only if their 
mothers or the other mice with which they are m contact are 
earners They make their first appearance m the nose, and the 
eyes have thus far not been found to be infected until after they 
have opened Mice probably remam earners durmg their entire 
lifetime Thus far, there have not been encountered any spon- 
taneous diseases m which any of these microorganisms are the 
etiological agents And yet all of the known strains which appear 
to be harmless m their natural habitat (unless they are the cause 
of mouse catarrh) have proved to be highly pathogemc under 
experimental conditions m which they are brought mto contact 
with the tissues for which they seem to have a special affinity 
Work done with at least two t3q)es of this group has mdicated 
that while vxtro, they can multiply m cell-free media, in mvo 
they grow only m association with or withm the cells for which 
they have a special affimty These microorganisms of mice vary 
sufficiently from one another as regards morphology, colony type, 
pathogemcity or tissue affimties, toxm production and antigemc 
make-up to permit their classification mto a number of distmct 
species 

Type A (Sabin) and Lt (Findlay, Klieneberger, MacCaUum, and 
Mackenzie) While the Type A imcroorganism was first isolated 
from the brains of mice used m experiments with Toxoplasma, 
it has smee been found on at least one occasion m the bram of a 
normal mouse, almost regularly m the eyes (conjunctiva) of 
carriers, m the nasal mucosa and m the lungs of mice which had 
received nasal instillations of various materials (77, 91) Regard- 
less of what other type may be earned m the nasal mucosa, the 
microorganisms isolated from the eyes have, thus far, always been 
Type A Upon mtracerebral mjection of bram or other tissues 
containing the Type A infectious agent, or of serum-broth cul- 
tures, there developed m most mice after an mcubation penod of 
1 to 10 days, but usually on the 2nd or 3rd day, a very charac- 
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tenstic turning or rolling on the long axis of the body with or 
without other nervous signs Some of the mice died, some con- 
tmued with choreiform signs or hydrocephalus for months and 
years, while the majority recovered m a few days Two kmds of 
lesions were observed m the bram after mtracerebral mjection 
the first, consistmg of destruction of the periventricular tissue 
followed by extensive infiltration with polymorphonuclear leu- 
cocytes, was present m all mice while the second consistmg of 
almost complete necrosis and lysis of the posterior pole of the 
cerebellum was found only m rmce which exhibited the tummg 
or rolhng signs Intracutaneous, subcutaneous, mtramuscular, 
mtratesticular, or mtravenous mjection as weU as nasal instillation 
under ether anaesthesia, or administration by stomach tube of 
large amounts of infected mouse bram was without any obvious 
effect After mtra-ab domin al or mtrathoracic mjection, on the 
other hand, 20 to 40 per cent of the mice developed convulsions 
and the characteristic rolhng withm 17 to 48 hours and died 
shortly thereafter, reveahng the same cerebellar change but not 
the penventncular destructive and inflammatory lesion found 
after mtracerebral moculation Extensive studies disclosed that 
after mtra-abdonunal and mtrathoracic moculation the infectious 
agent multiphed in the mesothehal cells of the pentoneum or 
pleura but was not present m the bram, suggesting that the 
lesions m the brain were caused by a toxm When this infectious 
agent was grown m glucose-serum broth, the cultures were not 
only as pathogemc as the infected tissues, but the presence of a 
true exotoxm, capable of reproducmg the same nervous signs and 
cerebellar lesion after mtravenous mjection, was demonstrated 
m them (75) 

Primary cultivation of the Tj’pe A nucroorganism m fluid media 
IS facihtated by the addition of 0 5 per cent glucose About 48 
hours after growth first becomes grossly apparent m such a 
medium, the culture is no longer pathogenic or ^^able This is 
associated with the development of acid, the pH droppmg from 
about 7 8 to about 6 0 In the absence of added sugar this does 
not occur and subculture is possible for at least a month Mor- 
phologically the elements makmg up a fluid culture consist 
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chiefly of elementaxy bodies, minute rmgs or ovals with condensed 
bodies at one or both poles, and occasionally triangular or quad- 
rangular structures in which the elementary bodies are linked by 
thinner bonds On sohd media good growth is obtamed only 
when the moisture is kept m by seahng the Petri dish The 
fully developed colomes vary m size from 20 to 100 n with only 
an occasional well-isolated one reachmg 200 to 300 fi, and present 
central areas which are circumscribed, elevated, and darker than 
the rest Giemsa-stamed impression films of such colomes pres- 
ent m addition to those found m fluid cultures much larger and 
more polymorphic structures When flmd cultures are mjected 
mtravenously mto older mice which axe not as susceptible to the 
toxm as younger ones, or when the nucroorganisms are mjected 
after bemg separated from the toxm by centrifugation, approxi- 
mately 20 per cent of the animals develop a polyarthritis which 
usually clears up m the course of a few weeks No cartilage 
destruction or ankylosis has been observed with this type 
Durmg the course of the arthritis an occasional mouse develops 
choreiform signs The pathogemcity of this stram has remained 
even after more than 100 subcultures %n mtro Rabbits, gumear 
pigs, and rhesus monkeys have not been found susceptible 
The nucroorgamsm isolated by Fmdlay, et al (35) from mice 
with "roUmg disease” and called Lb was reported by them to be 
unmunologically related to or identical with the Type A micro- 
organism on the basis of cross-immimity tests m imce However, 
there are some significant differences m pathogemcity between the 
two Neither their origmal infectious agent m the mouse brains, 
which had a lower titre, nor the Lj cultures were pathogemc after 
mtrapentoneal or mtrathoracic mjection Not only were nervous 
signs absent but there also appeared to be no local multiphcation 
smce it could not be recovered from the hver or spleen 3 days after 
moculation Furthermore the Lb culture produced no apparent 
signs of disease after mtracerebral mjection unless it was mixed 
with agar or vmis-infected mouse bram No cerebellar lesion 
was reported and there is as yet no evidence that Lj produces the 
neurotoxm It would, therefore, be madvisable to call the Lb and 
Type A microorganisms identical until more work has been done, 
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although Doctor Homer Swift informs me that the two are sero- 
logically identical 

In 1939, Sulhvan and Dienes (91) produced pneumoma m 
mice by serial passage of mouse-limg suspensions by means of 
nasal instillation under ether anaesthesia From the lungs of 
such mice they isolated several strains of pleuropneumoma-hke 
microorganisms They stated that “when mjected mtravenously, 
mtrapentoneally or subcutaneously m the two strains of mice 
at our disposal, our cultures failed to produce any clmical- 
pathological phenomena ” Sulhvan and Dienes were kmd 
enough to send me two of their strains which I grew m 10 per 
cent rabbit-serum broth or 30 per cent ascitic-flmd broth with 
0 5 per cent glucose added m both instances After several 
passages growth appeared m 24 hours, and mtravenous mjection 
of 0 5 ml amounts of 24 or 48 hour cultures mto 3- to 4-week-old 
mice produced withm 1 to 2 hours the typical convulsions and 
rolhng characteristic of the neurotoxm effect, with the majority 
of animals d3ang m 3 to 4 hours This toxic effect was com- 
pletely neutrahzed by the Type A antiserum, and results of 
agglutmation tests showed conclusively that the two strains 
of Sulhvan and Dienes were identical with the Type A rmcroor- 
garusm While these strains were indeed isolated from lungs with 
pneumoma, these authors presented no evidence that thej'^ were 
the cause of the pneumonia or that the cultures could either 
produce pneumoma or immumze against it The relationship 
between the experimentally produced pneumoma m mice and the 
Type A microorganisms is, therefore, still to be mvestigated 

The Type B Microorganism This microorganism was first 
cultured from the bram of a normal mouse (75, 76) and has sub- 
sequently been found in the nasal mucosa (77, 80) Mor- 
phologically it differs from the Type A microorganism m that 
it has more complex and polymorphic structures in fimd media 
Especiall}’’ noticeable on dark-field exammation are the long im- 
dulatmg and \abratmg thm filaments which are attached to the 
rmg structures and which are usuall}’- first seen durmg the second 
day of grossl}’- apparent groni^h The Tj'pe B colon}’- differs 
from that of Tjqie A m not ha\ung the central, raised, dark, 
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nipple-like structure but rather what seems to be a meshwork of 
vacuoles Acid is produced m the presence of glucose and the 
flmd culture loses both its pathogenicity and viabihty 2 to 3 days 
after growth becomes grossly apparent It is further differen- 
tiated from Type A by not producmg a toxm, by its great af- 
fimty for the jomts and mabihty to multiply m most other tissues, 
and by bemg immunologically distmct After mtracerebral 
mjection of a culture at the height of growth, the mice remain 
well and there is not even multiphcation of the microorganism 
Several rapid bram-to-bram passages lead to the complete dis- 
appearance of the microorganism rather than to adaptation and 
mcreased virulence Intracutaneous, subcutaneous, mtramus- 
cular or mtrathoracic mjection or nasal instillation with or with- 
out ether anaesthesia mduced neither arthritis nor any other 
local or systemic disease Arthritis was produced m practically 
100 per cent of mice, however, when 0 5 ml of a 24- or 48-hour 
culture was mjected mtravenously and somewhat less often when 
1 ml was mjected mtra-abdommaUy The microorganisms 
disappear from the peritoneal cavity 24 hours after mtra-ab- 
dommal mjection and there is no multiphcation m the viscera 
after mtravenous mjection Swelhng of the jomts may appear as 
early as 4 to 5 days, and then the arthritis is migratory, new 
jomts becommg mvolved as others recede Fusiform swellmgs 
of isolated digits occur frequently The process is progressive 
and chrome leadmg often to ankylosis, especially of the knees, 
''wrists” and "ankles”, after 2 to 5 months Although it has not 
yet proved possible to obtam positive cultures from the jomts 
before or durmg the first day or two of clmically apparent ar- 
thritis, there is no difficulty m securing growth m fiuid or sohd 
media somewhat later and positive cultures have been gotten as 
late as 10 weeks after mtravenous moculation The affected 
animals appear otherwise healthy Pathological changes are 
limited to the jomts and consist chiefly of proliferation m the 
synovial membrane, the capsule, the perichondrium, and necrosis 
of the articulatmg cartilage Cultures have retamed then 
pathogemcity even after 50 to 60 passages %n mtro but there is an 
mdication that it is diminished after prolonged cultivation in 
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mtro Inoculation of large amounts of virulent culture mto rab- 
bits and gumea-pigs has been without effect 

Types C, D, E and Other Pleuropneumoma-hke Microorganisms 
Reported in Mice Several strains of the Type C microorganism 
have been isolated from the lungs of mice which had previously 
received various matenals by nasal instillation under ether 
anaesthesia (77) Type C produces a progressive polyarthritis 
m mice foUowmg mtravenous mjection, but differs from Type 
B m its antigemc make-up and probably also in its capacity to 
multiply m other tissues m addition to those of the jomts Type 
C produces no neurotoxm and is also immunologically distinct 

Four strains of Type D were encountered m the nose, lung, 
and bram of mice (80) It is immunologically distmct from the 
other types, has no neurotoxm, and produces progressive ar- 
thritis m nuce after mtravenous mjection The same is true of a 
single strain isolated from the nasal mucosa of a mouse and called 
Type E because it differed m its antigemc make-up from all the 
others Not enough work has yet been done to permit a state- 
ment on the tissue affimties of these types 

Fmdlay, et al (36) moculated mtracerebrally mto mice the 
blood of splenectomized mice contammg Eperythrozoon coccoides 
From the brains of the moculated mice they isolated on 6 occa- 
sions a microorganism which they called Le It is not identical 
with E coccoides and is serologically distmct from Li, Lj, L 4 , and 
Ls Its colony has a coarse, globular surface and m liqmd medium 
it forms httle clumps which are composed of faulj’’ large globules 
(49) It IS stated (38) that Ls produces a fatal encephalitis upon 
mtracerebral mjection m mice and “arthritic changes” at the site 
of moculation m the pad of the foot m 30 to 50 per cent of animals 
Kheneberger (49) also reports the isolation by Dr H Jahn, from 
the swollen jomt of a mouse, pre\uously moculated vuth Strepto- 
bacillus moniliformis, of a pleuropneumonia-like microorganism 
which IS not Li, and is called “M55 ” It is reported te cause ar- 
thritis but has not been tjqied, and its relation to the other mem- 
bers of this group IS unknown 

Edward (31) isolated a number of strains of pleuropneumoma- 
hke microorganisms from the pneumonic lesions of mice which 
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had been given nasal instillations under ether anaesthesia of mouse 
lung suspensions These strains did not form distmct colomes 
on sohd medium, but smce it is not stated whether or not the 
evaporation of moisture was prevented, the lack of colonial 
development nnght have been due solely to the conditions of 
cultivation Flmd cultures, however, presented morphological 
forms similar to those of other members of the group (“granules, 
rmg forms of various sizes, forms showmg filamentous buddmg, 
and thm bacillary bodies with several rounded swelhngs along 
their length”) mcludmg reproductive umts which passed gradocol 
membranes with an A P D of 0 45 /n “All the strains were 
tested for their ability to ferment glucose, fructose, galactose, 
xylose, arabmose, rhamnose, maltose, sucrose, lactose, raffinose, 
dextrm, inulm, sahcm, manmtol, dulcitol and glycerol, but pro- 
duction of acid from any of these could not be defimtely estab- 
lished A temperature of 55°C for 15 minutes killed the organ- 
isms They resisted 45° and 50°C for 15 minutes but not for 30 
imnutes ” With respect to sugar fermentation as weU as heat 
resistance, Edward’s strains would appear to differ from the Type 
A and Type B nucroorganisms, smce the latter defimtely produce 
acid from glucose and do not resist 45° and 50° C for 15 mmutes 
They are also different m their pathogemc properties m that 
mtra-abdommal or mtravenous mjection of cultures of strains 
1, 2, and 4 (all of one serological type) produced neither arthritis 
nor any nervous signs suggestive of the presence of a neurotoxm 
This IS m agreement with the fact that stram 4 was not agglu- 
tmated by either the Type A or Type B antiserum, but was 
agglutmated to 1 160 by the Type C antiserum (Personal com- 
mumcation from Doctor Edward) Smce the Type C serum had 
a titre of at least 1 1000 for the homologous nucroorganism, one 
cannot regard those strains (i e 1, 2, 4, 5, and 6, aU of one sero- 
logical type) as bemg identical with Type C Strains 3 and 7 
were serologically distmct from the others and Doctor Edward 
informed me that Type A antiserum agglutmated stram 3 to 
1 320 which only suggests antigemc relationship smce this serum 
agglutmated the homologous microorganism to a dilution of 
1 6000 Stram 3 was agglutmated to 1 40 by the Type C serum 
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and not at all by the Type B serum Although the relationship 
of these strains to Types D and E is unknown, their failure to 
produce arthritis would constitute at least one pomt of difference 
Although Edward expressed the behef that the microorganisms 
he isolated from the lung lesions were actually the cause of the 
pneumoma, it is to be noted that only the early subcultures 
could produce pneumoma and that no tests were made to rule 
out (a) the presence of a virus, or (b) to show cross-immumty 
between the microorganisms and the pneumoma-producmg agent 
Horsfall and Hahn (42) were able to show that while pleuro- 
pneumoma-hke microorganisms were present m the lungs of mice 
with a spontaneous virus pneumoma, they were not identical 
with the etiological agent of the pneumoma 

From this review it is apparent that mice are carriers of a large 
variety of immunologically and biologically distmct microor- 
ganisms of the pleuropneumoma group and also that all the strains 
which have been tested are different from those that are known m 
the rat It is of mterest to note, therefore, that m at least two 
instances nuce which had been quartered with rats m the same 
room or buildmg were found to be carriers of rat microorganisms 
In 1939, Dr Joel Warren isolated an Li roicroorganism from 
the brains of mice used for passage of herpes virus by the intra- 
cerebral route, and Fmdlay, et al (37) of an Lj microorganism 
from the bram of an apparently healthy mouse 

PhuropneuTTionia-hke Mtcroorgamsms of Guinea-pigs 

The existence of an mdependent member of the pleuropneu- 
moma group has not yet been demonstrated m gumea-pigs, but 
that such may be present m association vnth some of the bacteria 
IS suggested bj’’ the work of lOieneberger In 1935, she reported 
the isolation on two occasions of a gram-positive streptococcus 
or streptobacillus from the nasopharjmx of health}’’ gumea-pigs 
Associated with the bacterial colonies were “mmute” colomes 
which she called L., but these were never isolated and their 
essential nature remains obscure (44) In 1940 she descnbed 
the isolation of a culture resembling Slrcptobaallus monihfou. 
from large cermcal abscesses of gumea-pigs Since S v' 
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formis of rats is not pathogenic for guinea-pigs, it could not be 
dismissed as merely a cross-infection From the gumea-pig 
stram, she obtamed a microorganism, resembhng Li, but these 
cultures were lost with the outbreak of war before any serological 
work was done with them (49) 

Pleuropneumoma-hke Microorgamsms of Man 

In 1937, Gerlach (40) was probably the first to suggest the 
presence of filtrable microorganisms of the pleuropneumonia 
group m man His illustrations and protocols, however, present 
convmcmg evidence to the contrary and suggest that he mism- 
terpreted precipitation m the media In the same year Dienes 
and Edsall (22) reported the isolation of a pure culture of a 
pleuropneumoma-hke imcroorganism from a suppuratmg Bar- 
thohn’s gland of a laboratory worker At that tune, however, 
they were inclmed to attribute the infection to the patient’s 
contact with rats While the stram was lost before its biological 
and serological identity could be established (there was never 
any reason for callmg it Ls), the more recent work of Dienes (28) 
suggests that contact with rats might have had nothmg to do 
with the infection Folio wmg the demonstration of the special 
pathogenic properties of the Types A and B mouse microor- 
ganisms, Swift and Brown (93) reported the isolation of pleuro- 
pneumoma-hke nucroorgamsms from patients with rheumatic 
fever, but they subsequently pomted out that their direct “cul- 
tures” were mismterpreted while the ones obtamed after passage 
through mice were biologically and unmunologically identical 
with those normally carried by these animals (77) Many at- 
tempts by a number of mvestigators to cultivate such nucroSr- 
gamsms from exudates and tissues of patients with rheumatic 
fever or rheumatoid arthritis have all been unsuccessful (38, 77, 
81, 91) 

In view of the fact that nuce were shown to carry these nucro- 
organisms m their eyes (conjunctiva) and nose, swab cultures 
from these regions obtamed from 100 human bemgs were studied 
by Sabm and Johnson (81), but without success They observed. 
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however, that when human tonsils were minced and smeared over 
30 per cent ascitic-flmd-agar plates, minute colomes (20 to 40 fi 
m size) resembhng those of the pleuropneumoma group sometimes 
grew out m between the larger bacterial species These colonies, 
which they called “X” colomes, occurred m 3 out of 60 cases m 
which children’s tonsils were studied, and on 2 occasions m 
another group of 103 children The “X” colomes, however, 
could not be passaged either per se, or m the presence of the 
associated bacteria or rich filtered extracts of tons i llar tissue, and 
no studies which would permit a decision concermng their rela- 
tionship to the pleuropneumonia group were, therefore, possible 
In this connection, it is of mterest to quote the foUowmg sentence 
from a paper by Seiffert (85) deahng with the saprophytic filtrable 
microorganisms m sod, manure, etc “Es ist noch zu erwahnen 
dass ich ahnhche Mikroorgamsmen einmal aus Speichel und 
dreimal aus Sputum von Bronchiektatikem gewmnen, aber mcht 
m Passage welter zuchten konnte ” Whether or not there exist 
m the respiratory tract of human bemgs microorganisms of the 
pleuropneumoma group with special requirements for in mtro cul- 
tivation IS a question that is raised by these observations and 
may well repay further mvestigation 
A recent bnef report by Dienes (28) brmgs the first evidence 
that IS more than suggestive that such microorganisms exist m 
human bemgs Cultures from the gemtal tract of female patients 
who had gonorrheal pelvic infections were studied on an ascitic- 
fimd-agar medium, and pleuropneumonia-hke colomes were 
encountered m about one-third of the cases After 48 hours 
these colomes were often only 10 to 20 ;n m diameter, but they 
developed to considerably larger size on passage Four strains 
were thus isolated m pure culture Smce I disagree with Doctor 
Dienes on some of his morphological mterpretations, I was frankly 
skeptical, until he was good enough to send me not only prep- 
arations of these colomes but also a Giemsa-stamed film of the 
growth m a fiuid culture I found these to be morphologically 
absolutely typical of the pleuropneumoma group and mdis- 
tmguishable from the forms observed m the cultures of the mouse 
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microorganisms Doctor Dienes informs me that his strains 
grow and survive m broth cultures but the growth is very scanty 
Further studies m this new direction are of the greatest mterest 

Pleuropneumoma-hke Mtcroorgamsms as Saprophytes vn Sewage 
and Other Decomposing Matter 

In 1936, Laidlaw and Elford (52) reported a new group of 
filtrable microorganisms, obtamed from raw sewage ongmatmg 
m four London districts, but not detected m London tap water, 
nor m fecal material from man, pig, rabbit, or rat Sewage was 
filtered through gradocol membranes with an A P D of 1 0 ft, 
0 8 M, or 0 6 M and seeded mto Fildes’s broth or agar Growth 
occurred at 22° and at 37° but was optimum at 30° In broth 
cultures they found granules, varymg m size from small cocci 
about 0 5 /i m size to small dots which were imperfectly resolved, 
nngs, smgle or paired, with an occasional one showmg a thicken- 
mg or granule at the periphery or a short filament attached to 
the margm The most turbid cultures contained as many as 3 
to 10 bilhon reproductive units per ml Typical pleuropneu- 
moma-hke colomes, le mmute, round, granular colomes with 
well-marked dark centers and hghter peripheral zones, developed 
on the sohd media The various strains feU mto three serological 
types which they called A, B, and C Pathogemcity was tested 
by feedmg cultures to rats, by mtravenous moculation m rabbits, 
inhalation, subcutaneous and mtra-abdommal moculation in 
mice, all with negative results Cultures from the pentoneal 
cavity of moculated mice were sterile withm 24 hours 

Seiffert (84, 85) confirmed these results by showmg that similar 
filtrable imcroorganisms were present m Germany m soil, com- 
post, decomposmg leaves, and manure At least two of the Ger- 
man strains are serologically identical with and the others are 
all related to those isolated m England (49) In addition, Seiffert 
(84) pomted out that ‘‘Diese mehrfach wiederholten Versuche 
durften dafur sprechen, dass es m der freien Natur neben filtra- 
blen, an der Grenze der Sichtbarkeit stehenden Mikroorganismen 
wahrscheinhch auch solche gibt, die nur durch irgendwelche 
Lebensreaktionen nachweisbar smd ” From compost which had 
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been filtered through membranes of smaller porosity he obtamed a 
transmissible, enzyme-like effect, le decomposition of starch, 
which could be carried on for 5 to 8 passages There was no 
decomposition of starch m correspondmg dilution experiments, 
nor after the addition of chloroform There was no defimte 
turbidity m the cultures and no visible growth on sohd media 
Liquefaction of gelatm could also be obtamed for 6 passages 

Li AND STRBPTOBACILLUS MONILIFORMIS QUESTION OF SYMBIOSIS 
OR VARIATION AND ITS SIGNIFICANCE FOR THE MICRO- 
ORGANISMS OF THE PLEUROPNEUMONIA GROUP 

StreptdbaciUus moniliformis (54), a gram-negative pleomorphic 
bacillus, IS a normal inhabitant of the nasopharynx of rats (90) 
While its pathogemcity for rats is doubtful or nonexistent, it 
produces a highly fatal generalized pyogemc infection m nuce 
(55, 56), which because of the localization of the process, that is 
essentially one of multiple abscess formation, m the heart muscle, 
jomts, and elsewhere has called forth erroneous comparisons with 
rheumatic fever (55) In human bemgs, however, S moniliformis 
does give rise to diseases (rat-bite fever and Haverhill fever) 
chmcally reminiscent of certam manifestations of rheumatic 
fever, i e recurrent attacks of fever, erythema, and polyarthritis 
(21, 34, 54, 68) 

From the work reported by Kheneberger and others it became 
apparent that all strains of S moniliformis were associated with 
or gave rise to another microorganism, called Li, which pos- 
sessed many properties m common with the nucroorganisms of 
pleuropneumoma and agalactia Separation of the two nucro- 
organisms by the usual bacteriological methods failed and it was 
not until Kheneberger (45) found that the two were not equally 
resistant to agemg or heat that such separation was possible 
When a 4- to 8-day-old broth culture kept at 37°, or a fresh cul- 
ture heated at about 53° for 5 to 15 minutes was seeded on 10 
per cent horse-serum-agar plates, there developed after a few 
days’ mcubation 5 to 300 of the usual, large (3-5 mm ), mixed 
S moniliformis colomes and m between them a number of minute 
colomes which could be detected with a magnifier or a roicro- 
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scope When fully developed after about 4 days’ incubation the 
smaller colomes were about one-fifth the size of the larger mixed 
variety and were characterized by a dark, granular centre and a 
clearer ring zone Subcultures of the small Li colomes on the 
same medium failed, however, and it was not until Kheneberger 
used a "special medium” [heart-muscle-infusion-peptone broth 
(pH 7 6-8 0) with boded blood (5 per cent defibrmated blood), 
20 per cent of horse serum, 20 per cent of a sterde filtrate of a 
S momhformts serum-broth culture, and 2 per cent agar] that 
isolation and contmued mamtenance of Li m "pure” culture was 
possible After many subcultures old strains of Li were able to 
grow on 30 per cent horse-serum agar without the added filtrate 
WTien it IS grown m fluid medium the broth itself remains clear 
and large colony clumps are found stickmg to the wall or as a 
sediment at the bottom of the tube Kheneberger has stressed 
the necessity of repeated purifications of Li cultures, smce some 
strains were found often to revert to S momliformis m the early 
passages She has mamtamed several strains of Li cultures for 
over 100 to 300 passages without reversion to S montkjorvm 
either m her own hands or in anybody else’s (personal com- 
mumcation from Doctors L Dienes and J Warren) Because 
of these facts and because a pleuropneumoma-hke nucoorgamsm, 
morphologically, culturally, and immunologically identical 
with Li, was isolated on at least one occasion from the lungs 
of a rat without S moniliforvns, Kheneberger has mamtamed that 
the StrepiobaciUus momhforrms represents an mtimate symbiosis 
between the streptobacdlus and Li This concept was challenged 
by Dienes (23, 24) who suggested that the Li rmcroorganism was 
but a variant of the streptobacdlus chiefly on the grounds that the 
strains of Li which he isolated and which apparently grew m pure 
culture on sohd medium reverted to S mornkformts m broth cid- 
tures, and partly because, m his opmion, the morphology of the 
Li rmcroorganism as well as of other pleuropneumoma-hke micro- 
organisms does not differ materially from that of bacteria 
Klieneberger’s (49) recent comment on this controversy is very 
enhghtenmg 
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"To make the position qmte clear it should be pomted out that 
Dienes and the writer have both been able to separate the so-called Li 
form from the parent culture of S momhfonms and have mamtamed 
it m pure condition They both agree that the Li consists of granules, 
filamentous forms and pleomorphic bodies, while the S momhformis 
cultures contam bacillary chains m addition to these elements The 
two chief pomts of disagreement are the foUowmg Dienes finds his 
La strains revertmg mto the parent culture under certam conditions, 
while the writer’s strains [i e the highly purified ones — A B S ] have 
so far not reverted under similar conditions Dienes beheves further 
that the globular forms are swollen bacilh and that the filamentous forms 
m the Li correspond to the bacilh, while the writer beheves that the 
globular forms develop mdependently and that they resemble as well 
as the filamentous and granular forms elements seen m the cultures of 
pleuropneumoma and agalactia 

“The reasons why the writer is still m favor of the symbiosis hypothe- 
sis are the followmg The bacillary elements of S moniliformis show 
by their shape, arrangement, multiphcation mode and their bactenal 
“ngidity” that they are true bacilh while the La growth contains no 
ordmary bacillary forms, but elements resembling those of the organism 
of pleuropneumoma bovis Like pleuropneumoma the Li cultures con- 
tam a large amount of small granules of different shape some of which 
are not much larger than vaccmia bodies, the globules which form an 
integral part of both are not to be compared with swollen bactenal forms 
as Dienes suggests Besides possessmg a similar morphology, Li and 
the organisms of the pleuropneumonia group show also the same colony 
t 5 pe There is further the regular filterability of Li and the pleuro- 
pneumoma-hke organisms through some of the coarser filters such as 
the Berkefeld V candle It seems a reasonable conclusion from these 
data that the Li is itself a pleuropneumoma-hke organism and conse- 
quently unhkely to prove a vanant growth form of the streptobacillus 
There is the further argument that if the Li is a vanant form of S 
moniliformis, the now numerous strains of the L senes occumng mde- 
pendently should be denved from streptobacillary mother strains, but 
evidence of the existence of such is not forthcommg ” 

One of the cardmal characteristics of the members of the 
pleuropneumoma group is the possession of reproductive units 
which are m the range of 125 to 250 mp m size Filtration 
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through Berkfeld candles, which often permit ordmary bacteria 
to pass and whose pores are large and irregular, cannot be rehed 
upon for this essential information It is regrettable, therefore, 
that no filtration experiments with the Li cultures through 
gradocol membranes of known A P D have as yet been earned 
out or reported If Li cultures could be proved to contam such 
mmute reproductive umts, and if these minute umts, isolated 
from early passage cultures by gradocol membrane filtration, 
were shown to be capable of reproduemg S rmnilijorrms, the 
case for the variant hypothesis would be defimtely stronger 
Smee the baciUary elements m a culture of S momliforrms m- 
cubated for 2 days or longer undergo rapid dismtegration, it 
would also be significant to determine whether or not mmute 
elements of the same order of nmgmtude which could reproduce 
the ongmal streptobacilh could be obtamed by gradocol filtration 
Smee S monihforims is a "mixed” culture it is not surpnsmg 
that a serum prepared against it agglutmates the Li microor- 
ganisms as well as or better than a homologous serum, and tnce 
versa The prehmmary results with agglutmm-absorption re- 
ported by Dawson and Hobby (21) do not warrant the conclusion 
that S momhformis and Li have an identical antigenic make-up 
It IS perhaps of mterest m this respect, that Kheneberger (49) 
found that immune serums against the L<, Lc, Le, and Asterococcus 
cams I microorganisms agglutinated Li suspensions m titres vary- 
mg from 1 10 to 1 80 while the immune serums agamst other 
types as well as various bacterial immune serums and normal 
serums had no effect on these suspensions There is a suggestion, 
therefore, that Li is not m a class by itself but rather that it may 
possess a common antigen with some of the other members of 
the pleuropneumoma group 

To what extent, if any, Li contributes to the pathogenicity of 
S momliforrms is obscure smee, m pure culture, it is completely 
nonpathogemc It would, therefore, help to elucidate further the 
relationship between these microorganisms if it were known 
whether or not immunization with Li produced resistance m 
mice against infection with S moniliformis 

Knowledge of the true relationship between Li and S monili- 
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formts would greatly add to our understanding of the filtrable 
microorganisms of the pleuropneumonia group For if Li is 
proved beyond doubt (proper filtration experiments still need to 
be carried out) to belong to this group, its origm as a variant 
from S momhformts, if proved, would be an mdication of how the 
other members of this group might have ongmated at one time 
On the other hand, if it is proved to be a 83 Tnbiont, the failure, 
thus far, to find any stram of the streptobaciUus, which is free 
from Li or which can be experimentally separated from it, suggests 
an association by far more mtimate than that represented by 
ordmary symbiosis The symbiosis of Li with Clostndtum ietam 
and C. ietanomorphum which Kheneberger (47) was able to estab- 
lish experimentally and to mamtam m over 100 passages, differed 
from that of S monihforints m that both nucroorgamsms could 
be recovered m a pure state Kheneberger has also encountered 
a gram-positive streptococcus or streptobaciUus m the nasophar- 
ynx of gmnea-pigs, a microorganism grown from an extracted 
human tooth (44), and gram-positive cocci from the skm of a 
pig (49) moculated with swme-pox which gave every appearance 
of existmg m “symbiosis” with microorganisms similar to Li, 
but she was unable to separate the I^-hke elements m pure 
culture With regard to the peculiar large forms which have on 
occasion been observed m Bacterium fundihforme (syn Fuso- 
bactenum nudeatum), Hemophilus influmzae and a Flavobacter- 
lum (26, 27, 49), Kheneberger (49) remarks that “the mere 
observation of swoUen bodies or globular forms is not sufficient 
evidence to prove the existence of a filterable, pleuropneumonia- 
hke symbiont or growth phase m these cultures ” 

FILTRABILITY AND SIZE OF MINUIAL EEPKODUCITVE UNITS 

The development of reproductive units or elementary bodies, 
of the same order of magmtude as that of the larger viruses, m 
their life cycle constitutes one of the cardmal characteristics of 
the members of the pleuropneumoma group Filtration through 
the ordinary bacteriological filters cannot be rehed upon to 
establish this important property’’, and only data obtamed by 
filtermg smtably prepared material through gradocol membranes 
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can be used m estimating the size of the minimal reproductive 
umt Laidlaw and Elford (52), m wntmg of the sewage nucro- 
organisms, stated "In its general filtration behavior the organism 
resembles bovme pleuropneumoma and agalactia and contrasts 
with viruses and bactenophages, which, mdividually, have been 
found to be relatively uniform m particle size as evidenced by the 
fact that no appreciable drop m filtrate concentration, as com- 
pared with the original, is detected until the porosity of the 
membrane used is about twice the true end-pomt value ” This 
marked drop m titre followmg filtration through membranes of 
relatively large A P D was also found by Edward (31) m tests 
on one of the strains he isolated from mouse lungs The smallest 
umts or elementary bodies actually form only a very small 
proportion of the total number of reproductive umts that are 
present m a culture 

The larger polymorphic structures m the cultures may be a 
source of error m filtration experiments and should be removed by 
centrifugation and prehmmary filtration through membranes 
with average pore diameters of 0 7 to 0 9 m As an example may 
be mentioned the experience with the Type A microorganism of 
mice With the infectious agent m the form of mouse-bram 
suspension m broth which had been highly centrifuged and well 
diluted, it passed a 980 m/i membrane but was retamed by 
membranes with an A P D of 848 mfx or smaller When the 
980 m^ membrane filtrate was used for further filtration, it 
passed a 720 mfi but was retamed by 628 m/x When a culture of 
the Type A nucroorgamsm m serum broth which exhibits only a 
diffuse shght opalescence was filtered without prehmmary 
centrifugation it passed a 584 m/t membrane but was retamed by 
the membranes with an A P D of 500 m/x or smaller, after pre- 
hmmary, high-speed, horizontal centrifugation of the culture it 
passed the 500 mja membrane but was retamed by that with an 
A P D of 396 mp On this basis one might estimate the size of 
the minimal reproductive umt of the Type A nucroorgamsm at 
200-300 mjLi, but further tests need to be earned out with cultures 
that have been better prepared Thus the same filtration end- 
pomt was obtamed with a centrifuged culture of the Type B 
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nucroorgamsm, but when the 584 mu membrane filtrate was used 
for further filtration it was found that even the 322 m/t membrane 
filtrate yielded positive cultures The filtration end-pomts 
reported by Fmdlay, et al (35) for Ls both m tissue suspension and 
m culture are practically identical with those for Type A given 
above, except that it would appear that they probably did not 
centrifuge their culture before filtration Regardmg the filtra- 
bihty of Lt (the etiological agent of polyarthritis m the rat and 
serologically identical with Li) Fmdlay, et al (37) reported that 
it passed membranes with an A P D of 560 and 440 mjLi but not 
that of 300 my. Since they did not mdicate how the culture was 
treated prehmmary to filtration, the final estimate of size must 
await a more detailed report 


TABLE 1 


Data on the sxze of the minimal reproductive units 
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Pleuropneumonia bovis 
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Agalactia 

7 

300 

150-226 

Sewage 

260 

260 

126-176 

Mouse lung (Edward) 

460 

330 

166-247 


The pleuropneumonia, agalactia, sewage, and one of Edward’s 
mouse-lung microorganisms are the only ones on which properly 
performed filtration experiments have been reported, although 
additional tests would be desirable on the mouse organism because 
the gap between A P D 330 m/x and 450 my is somewhat too 
large Table 1 presents some of the essential data 

TOXIGENICITY AND IMMUNOLOGICAL REACTIONS 

Toxm Produdion 

The first suggestion that a microorganism of the pleuro- 
pneumoma group may produce an exotoxm came when Nocard, 
et al (63) observed that the presence of collodion sacs, contai m ng 
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growing cultures of pleuropneumonia bovis, in the abdominal 
cavity of rabbits often led to extreme cachexia and death Smce 
there were no obvious lesions at necropsy and the microorganisms 
could be cultured neither from the blood nor from the viscera, 
and smce the implantation of many collodion sacs containing only 
unmoculated medium was not harmful to the rabbits, they con- 
cluded that they were dealmg m aU probabihty with the diffusion 
from the collodion sacs of a toxm elaborated by the growmg 
microorganisms They stated, m fact ^'VoilS, done un nouvel 
example d’un animal tr^ sensible aux toxmes d’un microbe 
centre lequel il est pourtant tout ^ fait r^fractaire ” In keepmg 
with this IS the observation that cows may die after subcutaneous 
mjection of infected lymph or culture, although the only lesion 

16 at the site of moculation It is surpnsmg, therefore, that no 
work appears to have been done or reported on attempts to 
establish whether or not the microorganism of pleuropneumonia 
bovis actually gives rise to a true exotoxm 

There is, however, one member of the pleuropneumoma group, 
le the Type A microorganism of mice, which imquestionably 
produces a true exotoxm during its growth both %n mvo and in 
miro (74, 75) It is called a true exotoxm first because it is present 
m sterile filtrates durmg the early penod of growth (le even 
before there is gross evidence of growth), second because it is 
thermolabile bemg destroyed at 50° m 30 minutes but not at 45° 
m the same penod (the nucroorganism itself is killed at 45° m 
15 mmutes), and third because it is antigemc bemg specifically 
neutralized by antitoxm The existence of this toxm was 
suspected even before its isolation from cultures, because the 
extensive bram lesions, which were found m imee dying 

17 to 48 hours after mtra-abdommal or mtrathoracic mjection of 
the infectious agent, were not associated with the presence of any 
transmissible agent The production of this toxm in vivo is of 
special mterest because all the mdications are that under those 
circumstances the Type A nucroorganism multiphed only m the 
mesothehal cells of the pentoneum and pleura There is thus an 
example of a toxm elaborated m the cells of one organ produemg 
its effect by actmg on those of another (the bram) The evidence 
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that the toxm produced in mvo is identical with that in mtro 
IS based on the fact that they both give rise to the same chmcal 
signs, produce the same neurolytic change m the postenor pole 
of the cerebellum, and are unmimologicaUy identical 

The amoxmt of toxm m a culture is relatively small, an mtra- 
venous mjection of 0 1 to 0 5 ml bemg required to demonstrate 
it It disappears from the cultures after about 2 days of growth 
Three-weeks-old mice are most susceptible and animals older 
than 2 months usually do not react After mtravenous mjection 
of the whole culture or a Seitz filtrate the first nervous signs, 
1 e , convulsions or roUmg, may appear as early as 5 to 10 mmutes, 
usually withm 1 to 2 hours, and m older mice may be delayed for 
6 to 9 hours Most mice die withm a few hours or less after 
moculation, these show no lesions m the bram or anywhere else 
The mice that survive with persistent nervous signs, show the 
typical neurolytic lesion m the cerebellum as early as 18 hours 
after moculation The toxm contmues to be produced m cultures 
even after more than 100 subcultures in miro In preliminary 
tests on rats carried out together with Doctor Joel Warren it was 
found that mtravenous mjection of 1 ml of an active “A” culture 
produced nervous signs and death withm a few hours m four 36- 
day-old animals but was harmless m adult rats 

Similar tests m mice with cultures of all the other pleuro- 
pneumonia-hke microorganisms of nuce, of Lj and Lt of rats, and 
of an old passage stram from pleuropneumoma bovis yielded no 
evidence of the presence of a toxm 

Immunological Reactions, Groups, and Types 

Immunization of rabbits with cultures of the microorganisms 
of the pleuropneumonia group leads to the development of agglu- 
tinins, complement-fixing and neutrahzmg antibodies The 
development of antibodies dunng the course of actual infection 
m susceptible hosts seems less defimte, although some animals 
with pleuropneumoma or agalactia have agglutinins Also 
no neutrahzmg antibodies were found m the serum of recovered 
animals that were resistant to remfection with the neurobdic, 
Tjqie A microorganism of mice (74), the filtrable pyogemc agent 
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(L4) of rats (101), and the microorganism of rat polyarthritis 
(13, 18) Neutrahzang or protective antibodies, however, are 
easily demonstrable m the sera of immunized rabbits (79) and 
m hyperunmune sera prepared m sheep, goats, and horses (6, 
30, 64) 

The members of the pleuropneumoma group have been dif- 
ferentiated mto a large number of distmct serological types with 
the aid of the agglutination reaction All the strains from 
pleuropneumonia bovis appear to belong to a smgle serological 
type (47, 94) which is not related antigemcally to any other 
member of the group The same is true of all the strains from 
agalactia Those found m the dog belong to two distmct sero- 
logical types which while not related with one another may 
accordmg to Kheneberger (49) have a common antigen with some 
of the microorganisms of rats and mice Three distmct sero- 
logical types have thus far been identified among the micro- 
organisms isolated from rats, and five distmct types among those 
isolated from mice The existmg data mdicate that many of the 
murme strains have one or more antigens m common, some bemg 
more closely related than others The microorganisms ongmally 
isolated from sewage were foimd to belong to three serological 
types A, B, and C, with A and B possessmg an antigemc relation- 
ship Kheneberger (49) compared all the available saprophytic 
microorganisms from England (Laidlaw and Elford) and Germany 
(Seiffert) with one another and with the parasitic ones and found 
(a) that they all fell mto the three ongmal types with Type C 
consistmg of a smgle stram unrelated to any other member of the 
group, and (b) that the saprophytic and parasitic microorganisms 
had no antigemc relationship, exceptmg that the L4 serum 
agglutmated many of the saprophytic strains to a titre of 1 10 or 
1 20, although none of the saprophytic sera agglutmated L4 

It is mterestmg to note (a) that each imcroorganism that has 
distmguishmg characteristics as regards biological and pathogemc 
properties is also serologically distmct, and (b) that each animal 
species seems to carry its own serological types, with the possible 
exception of some of the rat strains which on rare occasions may 
be transmitted to nuce imder natural conditions 



THE PLETJEOPNETJMOIHA GROUP 


45 


PATHOLOGY 

There is probably no pathological picture that is characteristic 
of effects of the pathogenic members of the pleuropneumoma 
group Some of them seem to have distmct tissue a ffini ties while 
others have not Thus the nncroorganism of agalactia, regardless 
of the route of moculation, can localize m the jomts, the eyes, and 
the mammary glands of the lactatmg animals, the Type B 
microorganism of mice, after intravenous or mtraperitoneal 
mjection, will localize and multiply only m the jomts, the Type A 
microorganism of mice will multiply m the cells of the peritoneal 
or pleural covermgs of the organs but not m their parenchymal 
cells On the other hand, there are others that will multiply 
at the port of entry without spreadmg very far Thus, when 
infected lymph or a virulent culture from pleuropneumoma bovis 
IS mjected subcutaneously it produces a severe local reaction but 
not pleuropneumoma, the same is also true, to a certam extent, 
of the Lx rmcroorgamsm of the rat which will produce abscesses 
at the site of mjection and will multiply wherever it is distributed 
after mtravenous mjection 

The question of whether or not cytoplasmic or mtranuclear mclu- 
sions occur is one which requires further study Meyer (58) , Gaiger 
and Davis (39) found no such mclusions m bovme pleuropneumo- 
ma, and Tang, et al (95) could find none m the cells of the cho- 
rioallantoic membrane of the chick embryo moculated with the 
pleuropneumoma rmcroorgamsm Woglom and Warren (101) 
reported the presence of acidophihc, cytoplasmic inclusions 
(readily seen m their photographs) m the epithehum overlymg 
the abscesses of 12 to 24 hours’ duration which were produced by 
the filtrable pyogemc agent subsequently shown to be identical 
with Lx These mclusions have not yet been reproduced with 
cultures, but further study of their relationship to the rmcro- 
organism is defimtely mdicated I found the Type A imcro- 
orgamsm of mice scattered throughout the cjdoplasm of the 
mesothelial cells of the pentoneum and pleura when Giemsa- 
stained fihns of fresh tissue were exammed, in sections of fixed 
tissues, however, I found more compact mclusions m the c^do- 
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plasm of the pleural cells, but was unable to see them m 
the peritoneal cells over the liver and spleen Sections of the 
]omts of mice with experimental arthritis, produced by either 
type Type A or Type B, showed neither mclusions nor any 
other mtracellular or extracellular structures which could be 
identified as the microorganisms 

The primary attack of the microorganism of bovme pleuro- 
pneumoma appears to be on the connective tissue with the 
development of marked edema and large amounts of serous 
exudate In the natural disease it is the mterlobular and sub- 
pleural connective tissue network that is affected with subsequent 
vascular thrombosis and pulmonary necrosis There may be only 
a fibnnous pleurisy over the consohdated lung and no effusion 
m the pleural sac but with large collections of fluid imdemeath 
the pleura and along the perilobular connective tissue At 
other times, however, the pleura may be covered with a layer of 
fibrm 1 to 2 cm thick and there may be anywhere from 1 to 20 
htres of reddish-yeUow or yellowish clear exudate m the pleural 
cavity (63, 97) After subcutaneous mjection of mfected lymph 
or virulent culture the lesion is one of extensive edema, the 
connective tissue is gelatmous and masses of clear, amber flmd 
are found along its extensions Histologically, K F Meyer (58) 
reported that thick rings of leucocytes and fibrm deposits around 
the mterstitial blood vessels were rather characteristic Accord- 
mg to Ziegler (104) the necrosis, mterstitial perivascular and 
margmal organization processes, and parabronchial changes are 
diagnostically significant 

In agalactia, the process m the mammary gland is that of an 
mterstitial mastitis characterized by a disappearance of glandular 
tissue with mvasion of young fibrous tissue Suppuration is 
extremely rare The eye lesion is that of an mterstitial paren- 
chymatous keratitis with infiltration of small cells and vascular 
proliferation m the thickened cornea In the jomts the process 
IS usually hmited to congestion, cellular infiltration and thickening 
of the periarticular connective tissue without mvolvement of the 
synovia or cartilage, occasionally, however, there is proliferation, 
thickenmg, focal necrosis and cellular infiltration of the synovia 
and erosion of the articulatmg cartilage and more rarely still 
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there is formation of fungous polyps consisting of young con- 
nective tissue As a rule, these lesions completely regress and 
ankylosis is very rare An endarteritic process can be seen m the 
joint tissues (9) 

The pathological changes produced by the Type A micro- 
organism of mice vary with the site mto which it is moculated 
Its multiphcation m the peritoneum and pleura gives nse to no 
local lesions, but the toxm that is elaborated produces not only a 
distmtegration of the posterior pole of the cerebellum but also 
mtense degenerative changes without inflammatory reaction m 
the neopalhal cortex, basal gangha, and nervous part of the 
retma (74) When the jomts are affected after mtravenous 
mjection the process is limited to the periarticular connective 
tissue and synovia (proliferation and subacute inflammation) 
without mvolvmg the articular cartilage There is always com- 
plete recovery and no ankylosis With the Type B micro- 
organism, on the other hand, the pathological changes are limited 
to the jomts and mvolve the capsule, S3movia, articulatmg 
cartilage and subchondral bone marrow The essentially pro- 
liferative character of the process is apparent as early as the 
second day after swelhng of the jomt is discernible and becomes 
more marked subsequently, affectmg the capsule, S 3 movia and 
penchondnum to such an extent that obhteration of the free 
joint-space may result Actual destruction of cartilage has not 
been seen until about 4 weeks after mtravenous moculation, and 
at 7 weeks one may find the normal articulatmg cartilage replaced 
by undifferentiated cells which may be immature chondroblasts 
or osteoblasts In a completely ankylosed jomt, at about 5 
montlis, one finds that considerable ossification has occurred 
in the distorted articulatmg surfaces which are joined by dense 
fibrous tissue (76, 78) 

The pathological effects produced by the Li microorganism of 
the rat, either as the filtrable pyogenic agent or as the etiological 
agent of the spontaneous polyarthritis, appear to be quite different 
from those described above, and are influenced by the fact that 
the rmcrooorgamsm has no special tissue affimties Frank 
suppuration vath the formation of an encapsulated abscess occurs 
at the site of subcutaneous mjection m the rat, while in the mouse 
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massive edema develops mvolvmg the whole side of the animal, 
microscopic exammation of which reveals extensive hemorrhagic 
necrosis with infiltration of polymorphonuclear leucocytes After 
mtravenous mjection “the suppurative lesions m the feet mvolved 
the soft parts only, the bone itself bemg spared though the marrow 
was thickly strewn with polymorphonuclear leucocytes” (101) 
In the spontaneous polyarthritis of rats the process appears to 
be similar and sometimes “while the jomt is still swollen, the 
skm may ulcerate, and the limb below the jomt may be gnawed 
off by the rat ” (37) 

EFFECTS OF IMMUNE SERUMS, VACCINES, AND CHEMOTHERAPEUTIC 

AGENTS 

Wherever the effect of immune serums has been studied against 
natural or experimental infections produced by members of the 
pleuropneumoma group, the result has generallj’- been that a 
distmct protective effect could be obtamed when the serum was 
administered before infection but that even early after infection 
there was either no therapeutic effect or only a doubtful one 
Nocard, ei al (64) showed this to be the case m pleuropneumoma 
bovis with hyperimmune bovme serum, and Dujardm-Beaumetz 
(30) reported a similar result with hyperimmune horse serum 
Carr4 (9) demonstrated the protective effect of h3T)erimmune 
serums prepared with agalactia “virus” and Bridr6 and Donatien 
(6) obtamed similar results with cultures of the microorganism 
although they found it more difficult to protect against mtra- 
articular than agamst subcutaneous inoculation, curative tests 
on a few animals durmg the first few days of the disease were 
without effect or mconclusive Sabm and Morgan (79) showed 
that potent immune rabbit serum which could completely protect 
mice against the polyarthritis produced by Type B and the 
nervous and arthritic manifestations of Type A, had little or no 
effect when administered after the first clnucal signs of disease 
had appeared 

Bovme pleuropneumonia is among the first diseases whose 
control was early attempted by protective vaccmation The 
earhest successful results were obtamed by subcutaneous mjection 
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of infectious lymph (serous exudate) mto the tail (97, 99) After 
cultivation of the microorganism the same results were obtamed 
with hvmg cultures, but m both instances the reactions were not 
only severe but sometimes fatal Recently, Purchase (73) 
stud3nng control of the disease m Rhodesia found that while the 
11th to the 45th generations of in vitro cultures were harmless to 
cattle, they gave rise to distmct immimity lastmg for 2 years, 
and yielded fairly satisfactory results m the field, he also noted 
that vaccmation was of no value when signs of disease had 
appeared Kurotchkm (51), however, reported that m the 
heavily infected regions of Chma a field test with 520 animals 
revealed that "whereas no arrest of epizootics occurred when 
attenuated culture was used, rapid eradication of the disease was 
obtamed after immunisation with virulent culture ” In agalactia, 
Bndr6 and Donatien (6) found that (a) hvmg cultures could not 
be used because they produced the disease regardless of the route 
of moculation, and nonmfective doses did not give rise to im- 
mumty, (b) even after 100 passages in vtiro the cultures could 
not be used because they had not completely lost their virulence, 
(c) various combmations of serum and cultures yielded no im- 
mumty if disease was prevented, and (d) no immunity was 
produced by cultures killed at 56° for one hour or by formalm 
It IS of mterest, therefore, that Sabm and Morgan (79) found that 
vaccmation with concentrated suspensions of the mouse Tj^ie B 
microorganism killed at 50° (30 mmutes) could protect the 
majority of mice against the experimental polyarthritis although 
it was practically meffective when it was begun after the first 
chmcal signs of disease had appeared 

Effect of Chemotherapeutic Agents 

In 1928, Bridr6, et al (7) reported that the subcutaneous 
injection of the sodium salt of stovarsol (acetylamino-hj^droxy- 
phenylarsomc acid) exerted both a preventive and curative 
action on agalactia contagiosa, as it occurs m nature and as it is 
produced experimentally m sheep and goats It is interesting 
that the reason these investigators chose stovarsol for this 
chemotherapeutic test is that the microorganism of agalactia is 
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stained by tbe same dyes as the protozoa but not by the usual 
(anihne) bactenal stains In 1938, Pigoury (69) indicated that 
even a smgle dose (0 75 gm ) of stovarsol had a distinct therapeutic 
effect on the course of the mastitis and arthritis m 27 animals, 
while among 25 others treated with urotropme and m 5 untreated 
controls the disease pursued its normal course He also found 
that a smgle dose of stovarsol did not protect a well animal for 
more than a week Witt is quoted (38) as having observed a 
beneficial effect of arsemcals m bovme pleuropneumonia 
Two orgamc gold compounds, aurothioglucose (solganal B) 
and aurodetoxm, were found capable of preventmg the develop- 
ment of an arthritis m rats which was subsequently shown to be 
caused by a microorganism of the pleuropneumoma group (14, 
19) When Fmdlay, ei al (37) described the pleuropneumoma- 
hke nucroSrganism which causes the spontaneous polyarthritis 
of rats m London, they also confirmed the preventive effect of 
aurothioglucose on the development of the experimental disease 
In further chemotherapeutic experiments Fmdlay, et al (38) 
studied the capacity of various chermcal compounds to 'prevent 
(a) the “encephahtis” which results from the mtracerebral m- 
jection of the L 4 , Lb, and Lb nucroorganisms m rmce, and (b) 
the "arthritis” which develops chiefly m the moculated extrermty 
foUowmg the mjection of L4, Lj, Lb, L 7 (which serologically is 
identical with L4), and a gumea-pig stram of StreptobaciU'us 
momliformts mto the foot-pads of mice and rats The various 
compounds were administered subcutaneously immediately after 
the infectious agents and daily thereafter for 3 days The 
authors concluded that (a) as regards 'prevention of the encephalitic 
syndrome and death, sulfanilamide, sulfapyndme, and sodium 
sahcylate were without effect, neoarsphenamme, acetarsol (stovar- 
sol), and to a less extent tryparsamide were shghtly active against 
Lb and Lb but not L 4 , while aurothioglucose protected the majority 
of mice against all three , (b) as regards prevention of the arthritis, 
sodium sahcylate, lithium antunonyl tartrate were without effect 
and neoarsphenamme had a shght effect when tested against L 7 , 
while the orgamc gold compounds (aurothioglucose, sodium 
aurothiomalate, lopion, parmami, and neosolganal) were highly 
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active against all the microorganisms tested, (c) "orgamc gold 
preparations are bactericidal to pleuropneumonia-like organisms 
both m vUro and in mvo ” 

The “arthritis” produced by these nucroorganisms developed m 
2 days and treatment started at that time or later did not appear 
to result m a disappearance of the lesion m the subsequent 10 days 
The authors beheved, however, that there “appeared to be some 
slowmg up of the infective process, but smce the swelhng and 
arthritis are self-hmitmg and tend to disappear eventually m 
the absence of any treatment, it is not easy to judge how far 
solganal B affects the process once it is fully developed ” 

The curative effect of certam gold compounds was established 
m studies earned out by Sabm and Warren (82) on the expen- 
mental, prohferative chrome arthritis of rmce produced by 
Type B They found not only that a curative effect could still be 
obtamed when treatment was delayed as long as 3 weeks, but 
also that a therapeutically active gold compound had no apparent 
effect in mtro on the microorganism causmg the arthntis Growth, 
even of minimal mocula, was not inhibited or prevented by con- 
centrations of sodium aurothiomalate varymg from 1 to 200 
mgm per cent m the flmd media (a smgle dose of 2 mgm can 
cure mice), and imeroorgamsms grown for several generations m 
the presence of gold did not lose the capacity to produce arthritis 
While the discrepancy between these results on the effect of gold 
compounds in mtro and those of Findlay, Mackenzie, and Mac- 
Callum may be due to the fact that different microorganisms were 
used, it IS my opmion, rather, that the conclusion of the latter 
workers was based on msuflScient data (which, as they mdicated, 
they were prevented from enlargmg by circumstances bejmnd their 
control) Neoarsphenamme, silver arsphenamme, bismuth sub- 
salicylate, sodium sahcylate and colloidal gold were without effect 
on the chrome arthritis in mice Sabm and Warren have used 
this experimental disease m mice m a search for chemotherapeutic 
agents with high curative properties and low toxicitj , and have 
recently reported the preparation of a new compound, calcium 
aurothiomalate, which is practicallj’’ nontnxic m mice and jet 
produces a curative effect after a single dose of 1 mgm (S3) 
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It IS of interest to note that in at least two diseases (agalactia 
contagiosa and expenmental chronic arthritis in mice) caused by 
members of the pleuropneumoma group, chemotherapeutic 
agents possess a curative effect which is not exerted by the spe- 
cific immune serums 

POSITION OP PLEIJBOPNETJMONIA GBOUP IN KELATION TO VIKUSB8, 
BICKETTSLAE, COCCOBACILLIFOBM BODIEB, AND OTHEB 
FILTBABIiE AND NONPILTBABLE BACTEEIA 

For comparative purposes one may perhaps define the filtrable 
miqroorganisms of the pleuropneumoma group as polymorphic 
forms, which can (a) multiply m cell-free media and produce 
minute colomes (usually not exceedmg 0 6 mm ) on smtable sohd 
media, (b) reproduce m several different ways, and (c) produce, 
as part of their life cycle, elementary bodies (usually 125-250 mji 
in size) capable of reproducmg the larger, more polymorphic and 
complex forms One may add that while they are best visualized 
tmctonally by the staimng methods used for protozoa, and while 
m pathological material or m cultures contammg a great deal of 
serum they are not revealed by gram-stainmg or the usual anilme 
dyes, they can, nevertheless, be so stamed (especially m smears 
of centrifuged cultures) and are then gram-negative What 
they have in common, then, with the viruses is chiefly the small 
size of one phase of then hfe cycle The viruses, however, are 
characterized not only by their small size but also by the fact 
that they do not possess m their make-up the constituents which 
would pemut them to exist as autonomous umts of life, that is, 
they must depend upon some more highly organized hvmg cell 
to supply the materials or functions by which they can multiply 
(or mcrease m amount) and thus perpetuate themselves It has 
occasionally been assumed that the very small size of even the 
larger viruses precluded their possession of enough of those 
enzyme systems which make possible the existence of mdependent 
hvmg umts Relatively, therefore, it is of mterest that m the 
microorganisms of the pleuropneumoma group we have examples 
of minute particles, which, while not exceedmg m size many of the 
typical larger viruses, nevertheless, possess the properties of 
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independent living units And yet there appears to be, in ad- 
dition to size, still another link to the viruses For with certain 
members of the pleuropneumonia group, this property of mde- 
pendent existence may be only a matter of adaptation I am 
referring to the Type A and Type B nucroorganisms of nuce 
which m the animal body do not seem to be able to multiply 
until they locate m the right type of cell where they may be seen 
to proliferate m the cytoplasm Upon bemg transferred to cell- 
free media, the assumption of mdependent hfe by these imnute 
particles seems to depend upon the appearance of a special 
mechanism which may be so specific that after adaptmg them- 
selves to the serum protem of one animal, they cannot survive 
when the protem of another animal species is substituted (Per- 
sonal observations on some strains of the mouse pleuropneumoma 
group) Thus one finds m this group the mmutest microbial 
umts endowed with the hvmg functions of independent growth 
and reproduction, a property which, m the present state of our 
knowledge, clearly differentiates them from the viruses 
Zinsser (105) defined the nckettsiae, as "mmute bacillary or 
diplococcus-like organisms which are pleomorphic to the extent 
that range of size and shape may vary from that of minute, 
]ust-visible coccobaciUi to longer filaments which sometimes 
approach baciUary size Although not unstamable by ordmary 
methods of bacterial staimng, as formerly supposed, they are 
best brought out by special methods — most useful among which 
are Giemsa and the stam of Castaneda ” He further said that 
"the Rickettsiae, in spite of many claims to the contrary, have 
never been cultivated without the presence of hvmg cells ” 
More recently Zinsser and Schoenbach (106) mdicated that the 
obligate mtracellular parasitism of the pathogemc nckettsiae 
differed from that of the %aruses m that multiphcation of the 
former was favored by metabobcally mactive cells This 
obhgate mtracellular parasitism as veil as the absence of the 
marked poljTnorphism thus readily differentiate the nckettsiae 
from the pleuropneumoma group 
In 1935, Nelson (59) reported certam minute coccohacilhform 
bodies which were associated with infectious fovl corjza, and m 



64 


AliBERT B. SABIN 


later communications he described morphologically and culturally 
similar microorganisms as the cause of infectious catarrh of 
mice (60) and albmo rats (62) The cocxohacxUtjorm bodtea 
as they appear m exudates and m cultures, consistmg of nunced 
chick embryo suspended m Tyrode’s solution, are gram-negative 
While originally, they do not grow on ordinary media with or 
without blood or serum. Nelson found that they are not obhgate 
intracellular parasites, because they can grow m the Tyrode’s 
solution extract of embryomc tissue, free of cells (61) Further- 
more this diffusible growth factor withstands heatmg at 100° 
for 60 imnutes Nelson also found that after many passages one 
stram of fowl coryza bodies could grow m the flmd blood at the 
base of an agar slant No colomes were seen on the agar but 
under similar conditions rmcroorgamsms of the pleuropneumonia 
group are also most unlikely to form colomes In describmg the 
rat catarrh coccobooZZi/orm bodies, Nelson (62) pomted out that 
they exhibited greater pleomorphism than those of fowl coryza, 
m cultures “at 48 hours it was customary to find small uniformly 
stamed spherical cells, shghtly larger rmg forms with a central 
unstamed area, short uniformly stamed rods, short forms with a 
bipolar appearance, and small curved or spmdle-shaped rods ” 
The mouse catarrh bodies present m exudate could be filtered 
through a gradocol membrane with an A P D of 640 mju (60) 
Nelson (62) further states that “it is recognized that there is a 
morphological similarity between the coccobacilhform bodies, 
particularly those of mouse and rat catarrh, and the organisms 
of the pleuropneumonia group ” While the apparent ease with 
which the bodies are revealed by the Gram’s method and the 
absence of colomes on sohd media may be regarded as distm- 
guishing characteristics, it would seem that not enough work has 
as yet been done by the methods employed m studymg the 
microorganisms of the pleuropneumonia group to permit either 
mclusion or exclusion of the coccobacilliform bodies 

As regards certam well-known filtrable bactena such as the 
anaerobic B pneumosintes (Dialister pneumosintes) , the members 
of the genus Veillonella mcludmg Staphylococcus parvulus (Veil- 
lonella parvula), Staphylococcus or Micrococcus minimum, etc , and 
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others, almost the only property they possess m common with 
the microorganisms of the pleuropneumoma group is their 
relatively small size, lackmg altogether the capacity to give rise 
to the considerably larger and more complex polymorphic forms 
Among the other numerous species of filtrable, gram-negative, 
anaerobic bactena found m the human nasophaiynx, Ohtsky (67) 
has described some as bemg pleomorphic, tenuous, ^^brlo-hke 
and fomung nunute colomes on sohd media Not enough is 
known about these microorganisms to permit their arbitrary 
exclusion from the pleuropneumonia group, and it may mdeed be 
worth while to restudy them by the more recently developed 
methods Laidlaw and Elford (52) wntmg of the pleuropneu- 
moma-hke sewage microorganisms, stated “We do not consider 
that this group is related m any way to the ‘filterable forms’ 
of the pathogemc bactena which have been descnbed by many, 
e g , Hadley, Delves, and Klunek (1931), or Kendall (1931 and 
1932) The existence of these filterable or ‘virus’ forms is still 
contested, but m any case they arise under ill-defined conditions 
or as the result of special treatment (Hadley etal), or on a partic- 
ular kmd of medium (Kendall) The ‘virus’ forms are said to 
multiply for a time, as such, but may, under appropriate con- 
ditions, revert to the larger form, which m turn, multiphes 
as such ” 

When one mquires m what way, if any, the microorganisms of 
the pleuropneumoma group differ from all the other bacteria, 
1 e , the class of Schizomycetes one is confronted chiefl}’’ with 
questions concermng the extreme polymorplusm and mode of 
reproduction On these questions there is not much uniformity 
of opimon at the present tune As the name itself suggests 
multiphcation among the Schizomyceles is characteristically by 
cell fission, with endospores “formed by some species of the 
Euhadenales, [and] comdia by some of the filamentous forms ’’ 
(2) Turner (96) discussing the microorganism of pleuropneu- 
moma bo\TS m 1935 stated “What distinguishes it most clearlj- 
from other members of the class Schxzoraycctes is 1) its extreme 
pleomorphism, 2) the characteristic polygenethodism, or pro- 
^^slon of alternative modes of reproduction, and 3) its peculiar 
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protean or amoeboid tendency to change its shape relatively 
qmckly, which is seen nowhere else among the Schizomycetes ” 
When Turner wrote this there were only two species m the pleuro- 
pneumoma group, and despite his appreciation of the fundamental 
difference between them and the Schizomycetes, he suggested that 
they be classified as a separate order under the Schizomycetes 
It seems to me, however, that if one accepts Turner’s viewpomt as 
applymg to the entire group, as I am mchned to do, one cannot 
classify these microorganisms under the Schizomycetes without 
modifymg the defimtion of that class 

CLASSIFICATION AND NOMENCLATURE 

It IS not without misgivmg that I attempt to classify and name 
the ever-mcreasmg number of microorganisms m this group 
That the job has to be done cannot be demed but it is doubtful 
that it can be done without havmg almost everyone else disagree 
with the result The very title of this review is m a sense mis- 
leadmg for it pretends to describe a pleuropneumonia group of 
microorganisms when, with one exception, they have nothmg to 
do with pleuropneumoma One thmg is certam, and that is 
that we cannot go on caUmg all the known, as well as yet to be 
discovered, microorganisms pleuropneumoma-hke without twist- 
mg our tongues and confusmg our minds 

In the precedmg section on the position of these nucroorganisms 
m the microbial world, I set forth the reasons for my belief that 
they belong m a class distmct from the Schizomycetes It is 
suggested, therefore, that a new class be established and that it 
be called Paramycetes Because I could not think of anythmg 
as short that would at the same time be descnptive of the cardmal 
characteristics of the group, and because para {irapa) meanmg 
beside or alongside suggests the position of this class as bemg 
close to the others, this name was selected to mclude all the 
microorganisms which because of morphology or mode of re- 
production cannot be mcluded with either the Schizomycetes or 
Eumycetes One order to be called Paramycetales is proposed and 
it IS to be characterized by the properties which were previously 
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given as applying to all the microorganisms of the pleuropneu- 
monia group Smce the parasitic species are qmte distmct from 
the saprophytic ones, it is suggested that two f amili es be estab- 
lished family I ParasTiaceae to mclude all the pathogemc and 
nonpathogemc microorganisms found m animals, all requirmg a 
smtable amount of protem for growth, family II Saprophyiaceae 
to mclude the nonpathogemc microorganisms, requirmg no 
protem for growth, found m sewage, soil, etc Smce the parasitic 
members are most clearly distmguished from one another, 
biologically and immimologically, accordmg to the species of 
a nim al they inhabit and smce a number of distmct species of 
these nucroorganisms have been found m the same animal, it is 
suggested that the names of the animals be mcorporated in the 
names of the genera Thus 

Family I Parasitaceae 

Genus I Bovtmyces (microorganisms of cattle) 

Species Bovimyces pleuropneumontac, the etiological agent of 
pleuropneumonia contagiosa bovis 

Genus II Capromyces (microorgamsms of goats and sheep) 

Species Capromyces agalactiae, the etiological agent of 
agalactia contagiosa of goats and sheep 

Genus III Cammyces (microorganisms of the dog) 

Species Canomyces pvlmoms I 1 Distmct imcroorganisms 
Canomyces pulmonis 11/ found m the respiratory 

tract 

Genus IV Munmyces (microorganisms of rats, occasionally of 
mice) 

Species Munmyces sireplobaciUx-momltformis, usually m 
association with Strcpiohacillus moniliformis but 
occasionally independent^’’ (Lj) 

Munmyces pulmonis, usually in association with cer- 
tam lung lesions in the rat (Lj) 

Munmyces arlhnlidis, etiological agent of sponta- 
neous arthntis in the rat (L*) 

Genus V Musculomyccs (microorganisms found onh in mice) 
Species Musculomyccs ncurolylicus, produces an exotovm 
vith a neuroh’lic action especialh’ on cerebellum 
(Tj-pe A) 
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Species Musculomyces arthroiropicus, has an almost exclusive 
aflinity for jomts givmg rise to a chrome arthritis 
(Type B) 

MtLSculomyces histotropicus, pathogemc, with broader 
tissue aflBmties (T 3 rpes C, D, E) 

When the existence of distinct species of similar micro- 
organisms IS established m man, guinea-pig, etc , the genera may 
be named Hominomyces, Cammyces, etc The objection may 
justifiably be raised that it is uncommon to have genera of 
microorganisms limited to one species of mammal, but thus far 
that has been remarkably true of this microbial group In the 
saprophytic group only two distmct species are recognizable thus 
far on the basis of both eultural and immunological differences 
It IS suggested that the genus be called Sapromyces, and that the 
species be names m honor of Sir Patrick Laidlaw who together 
with Elford first described these microorganisms 
The proposed classification and nomenclature of the known 
microorganisms of the pleuropneumoma group may thus be 
summarized as follows 

Class Paramycetes 

Order I Paramycetales 
Family I Parasitaceae 
Genus I Bovimyces 

Species 1 Bovimyces pleuropneumoniae 
Genus II Capromyces 

Species 1 Capromyces agalactiae 
Genus III Canomyces 

Species 1 Canomyces pidmonis I 
Species 2 Canomyces pvlmonis II 
Genus IV Munmyces 

Species 1 Munmyces streptobactUi-moniliformis 
Species 2 Munmyces pulmonis 
Species 3 Munmyces arthnhdis 
Genus V Musculomyces 

Species 1 Musculomyces neurolyticus 
Species 2 Musculomyces arihrotropicus 
Species 3 Musculomyces histctropicus (mixed species 
of many types) 
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Family II Saprophytaceae 
Genus I Sapromyces 

Species 1 Sapromyces laidlam AB 
Species 2 Sapromyces laidlam C 

In suggesting this classification I am not unmmdful of Ledmg- 
ham’s (53) recommendation m 1933 that the microorganisms of 
pleuropneumonia and agalactia be grouped together merely as a 
new genus m the existmg family of Actinwnycetaceae, and of 
Turner’s (96) proposal m 1935 of a new order which he named 
Borrelomycetales m honor of Borrel, who accordmg to Turner 
first demonstrated the characteristic morphology Smce Bordet 
(3) was the first to describe the complex morphology of the 
pleuropneumonia microorganism as Borrel et al (4) pomt out 
in their first commumcation, and smce there already exists a 
genus called Borrelza m the family Spvrochaetaceae, the name 
Borrelomycetales is an madvisable choice If m the course of time 
the weight of evidence is m favor of these microorganisms be- 
longmg to the class of Schizomycetes, the remamder of this pro- 
posed classification and nomenclature might perhaps still be 
useful m disting uishin g the various members of the so-called 
pleuropneumonia group 


REFERENCES 

(1) Bebuwkbs, H 1940 Over pleurapneumonieachtige nucroorgamsmen, 

geleoleerd bij de spontane rattenpolyarthntiB en bij een analoog 
nektebeeld, ontetaan na anting van menschebjk matenaal bij der rat 
Geneesk und Tijdschr Nederland -Indig, 80, 1823-1834 

(2) Behqet, D H and others 1939 Bergey’s Manual of Determinative 

Bacteriology 6th ed , The WiUiams & Wilkins Co , Baltimore 

(3) Bohdet, J 1910 La morphologie du microbe de la p6npneumome des 

bovidfis Ann inst Pasteur, 24, 161-167 

(4) Boheel, Dujabdin-Beattmetz, Jeantet et Jouan 1910 Le microbe de la 

pferipneumome Ann inst Pasteur, 24, 168-179 
(6) BniDEfi, J , ET Donatien, a 1923 Le microbe de I'agalaxie contagieuse 
et sa culture tn vtiro Compt rend , 177, 841-843 

(6) Bninafi, J , et Donatien, A 1925 Le microbe de I’agalaxie contagieuse 

du mouton et de la ch6vre Ann mat Pasteur, 89, 925-951 

(7) Bbidb£, j , Donatien, A , et Hilbert, D 1928 Le stovarsol, spficifique 

de I’agalaxie contagieuse du mouton et de la chSvre Compt Rend , 
187, 262-263 



60 


ALBERT B SABIN 


(8) Brown, T M , Swift, H F , and Watson, R F 1940 Pseudo-colonies 

simulating those of pleuropneumonia-like microOrRamsma J Bact 
40, 857-868 

(9) Caer6, H 1912 L’agalaxie contagieuse de la brebis et de la chfevre Ann 

met Pasteur, 26, 937-972 

(10) Celli, a , ET De Blast, D 1906 Etiologia dell' agalassia contagiosa delle 

pecore e capre Ann igiene sper , N S , XVI, 267-299 

(11) Collier, W A 1938 Onderzoekingen over ratten-polyarthribs I 

Ziekteverloop Geneeskund Tijdschr Nederland -Indie, 78, 2845- 
2862 

(12) Collier, W A , en Esseveld, H II Het aantoonen van het agens m de 

rat Ibid , 78, 2961-2968 

(13) Collier, W A 1939 III Immuniteit ns infectie en na hypemnmuni- 

eatie Ibid , 79, 782-795 

(14) Collier, W A 1939 IV Chemotherapie met goudverbindmgen Ibid , 

79, 796-800 

(16) Collier, W A 1939 V Houd-baarheid en temperatuurgevoehgheid van 
het agens der ratten-polyarthntis Ibid , 79, 933-940 

(16) Collier, W A 1939 VI De verdeeling van het agens der rattenpoly- 

arthntis In het organisme Ibid , 79, 1490-1496 

(17) Collier, W A 1939 Infectious polyarthritis of rata J Path Bact , 

48, 679-689 

(18) CoLUBR, W A 1939 Untersuchungen Qber Ratten-Polyarthntis Ver- 

Buche zum Nachweis neutrahsierender Antistoffe Schweis Z allg 
Path Bakt , 2, 66-70 

(19) Collier, W A 1939 Zur Goldtherapie der expenmen tell en Polyarthntis 

der Ratte Z Immunitfits , 96, 132-138 

(20) Daobney, R 1936 Contagious bovme pleuro-pneumoma Note on ex- 

penmental reproduction and infection by contact J Comp Path 
'Therap , 48, 83-96 

(21) Dawson, M H , and B[obbt, G L 1939(a) Pleuropneumoma-hke 

organisms as a vanant phase of Streptobactllus moniltformts Third 
International Congress for Microbiology, Abstracts Commun p 21 
(b) Rat-bite fever Trans Assoc Am Physicians, 64, 329-332 

(22) Dienes, L , and Edsall, G 1937 Observations on the L-organism of 

Klieneberger Proc Soc Exptl Biol Med , 36, 740-744 

(23) Dienes, L 1938 Further observations on the L organism of Kheneberger 

Proc Soc Exptl Biol Med , 39, 366-367 

(24) Dienes, L 1939 L organisms of Kheneberger and Slrepiobactllus month- 

formia J Infectious Diseases, 66, 24-42 

(25) Dienes, L , and Sullivan, E R 1939 Morphology and nature of pleuro- 

pneumonia-hke microSrgamams Proc Soc Exptl Biol Med , 41, 
424-426 

(26) Dienes, L 1939 L type vanant forme in cultures of various bactena 

Proc Soc Exptl Biol Med , 42, 636-640 

(27) Dienes, L 1940 Ongin of L type colomes m bactenal cultures Proc 

Soc Exptl Biol Med , 43, 703-704 

(28) Dienes, L 1940 Cultivation of pleuropneumoma-hke organisms from 

female gemtal organs Proc Soc Exptl Biol Med , 44, 468-469 



THE PLEUROPNEUMONIA GKOUP 


61 


(29) Dujardin-Beaumetz, E 1900 Le microbe de la p6npneumoiue et aa cul- 

ture Thfese de Pans 0 Dom 

(30) Dtjjabdin-Beatimetz, E 1906 Transmission de la pfenpneumonie des 

bovidSa aux esp^oes ovine et capnne Ann mat Pasteur, 20, 449-486 

(31) Edwahd, D G ft 1940 The occurrence in normal mice of pleuro-pneu- 

monia-like organisms capable of producmg pneumonia J Path Baot , 
60, 409-418 

(32) Elford, W J 1929 Ultra-filtration methods and their application m 

bactenological and pathological studies Bnt J Exptl Path , 10, 
126-144 

(33) Elfobd, W j 1938 The sizes of viruses and bactenophages, and methods 

for their determination In Handbuch der Virusforschung, edited by 
R Doerr and C Hallauer, Vienna, 1, 126-181 

(34) Faehell, E , Lordi, G H , and Vogel, J 1939 Haverhill fever report 

of a case with review of the literature Arch Internal Med , 64, 1-14 

(35) Findlat, G M , Klienebehger, E , MacCalldm, F 0 , and Mackenzie, 

R, D 1938 Rolling disease New syndrome in mice associated with 
a pleuropneumonia-like organism Lancet, 236, 1611-1613 

(36) Findlay, G M , Kliekebehger, E , MacCalltjm, F 0 , and Mackenzie, 

R D 1939-40 Eperythrozoon in the blood of mice and its posable 
relationship to pleuropneumonia-like organisms Trans Roy Soc 
Trop Med Hyg , 33, 6-7 

(37) Findlay, G M , Mackenzie, R D , MacCallum, F 0 , and Klienb- 

EEROEB, E 1939 The aetiology of polyarthntis in the rat Lancet, 
237, 7-10 

(38) Findlay, G M , Mackenzie, R D , and MacCallum, F 0 1940 Chemo- 

therapeutic experiments on pleuropneumonia-like organisms in rodents 
Bnt J Exptl Path , 21, 13-22 

(39) Gaigeb, S H , AND Davies, G O 1932 Veterinary pathology and bact- 

tenology London p 394 (Quoted from Tang, el al (94)] 

(40) Gerlach, F 1937 Ergebnisse microbiologischer Untersuchungen ba 

bOsartigen GeschwOlsten Wien klin Wochschr , 60, (II), 1603-1610 

(41) Holmes, B E , and PraiE, A 1932 Growth and metabolism of the bovme 

pleuro-pneumonia virus Brit J Exptl Path , 13, 364-370 

(42) Horsfall, F L , and Hahn, R G 1940 A latent virus m normal mice 

capable of producmg pneumonia m its natural host J Exptl Med , 
71, 391-408 

(43) Klienebbrqee, E 1934 The colonial development of the organisms of 

pleuropneumoma and agalactia on serum agar and vanations of the 
morphology under different conditions of growth J Path Bact , 
39, 409-420 

(44) Klienebergbr, E 1935 The natural occurrence of pleuropneumonia- 

like orgamsms in apparent symbiosis with Streptobactllus monthformie 
and other bactena J Path Bact , 40, 93-105 
(46) Kuenebebgee, E 1936 Further studies on Streptobactllus monthformts 
and its symbiont J Path Bact , 42, 687-598 
(46) Klienebergbr, E , and Stbabben, D B 1937 On a pleuropneumoma- 
bke orgamsm in lung lesions of rats, with notes on the clmical and 
pathological features of the imderlymg condition J Hyg , 37, 143-162 



62 


ALBEBT B. SABIN 


(47) Klibnebergeh, E 1938 Pleuropneumonia-like orgaruBms of diverse 

provenance some results of an enquiry into methods of differentiation 
J Hyg , 38, 458-476 

(48) KLrENEBERGBH, E 1939 Studies on pleuropneumoma-like organisms 

the Li organism as the cause of Woglom’s "pyogenic virus ” J Hyg , 
39, 260-266 

(49) Kuenebergbr, E 1940 The pleuropneumonia-like organisms further 

comparative studies and a descriptive account of recently discovered 
types J Hyg , 40, 204-222 

(60) Kubneberger, E , and Steabben, D B 1940 On the association of the 

pleuropneumonia-hke organism Lj with bronchiectatic lesions in rats 
J Hyg , 40, 223-227 

(61) Kuhotochkin, T J 1939 Protective value of virulent and attenuated 

cultures of Aslerococcus mycoides in bovine pleuropneumoma Third 
Intern Congr Microbiology, Abstracts Commun , p 22-23 

(62) Lajdlaw, P P , AND Elfohd, W j 1936 A new group of filterable or- 

gamsms Proc Roy Soc (London) B, 120, 292-303 

(63) Ledingham, j C G 1933 The growth phases of pleuropneumoma and 

agalactia on Iiqmd and sohd media J Path Bact , 37, 393-410 

(64) Levaditi, C , Nicolau, S , et Poinclottx, P 1926 Sur le r61e 6tiologique 

de SlTepiobacillxis monthformts (nov spec ) dans I'drythSme poly- 
morphe aigu septic6mique Compt rend , 180, 1188-1190 

(65) Levabiti, C , Selbxe, R P , et Scboen, R 1932 Le rhumatisme mfeo- 

tieux spontanfi de la souns provoqu6 par le Streptobaallus monthformtt 
Ann met Pasteur, 48, 308-343 

(66) Mackib, T j , Van Rooyen, C E , and Gierot, E 1933 An epmootio 

disease occurring in a breeding stock of mice bacteriological and 
experimental observations Bnt J Exptl Path , 14, 132-136 

(67) Mbtchnikopf, E , Rome, E , et Taubelu-Saumbeni 1896 Toxine et 

antitoxine chol4nque Ann mst Pasteur, 10, 257-282 

(68) Meyer, K F 1909 Notes on the pathological anatomy of pleuro-pneu- 

moma Commemorative pampUet Vet Bact Lab , Onderstepoort, 
Trans Dept Agr , 136-164 

(68a) Meyer, K F 1910 Some Experimental and Epidemiological Observa- 
tions on a Particular Stram of Pleuro-Pneumoma Trans Dept 
Agr , Rep Govt Vet Bacteriologist for 1908-1909, Pretona, pp 
159-163 

(69) Nelson, J B 1936 Cocco-bacilbform bodies associated with an infeo- 

tious fowl coryza Science, 82, 43-44 

(60) Nelson, J B 1937 Infectious catarrh of mice I A natural outbreak 

of the disease II The detection and isolation of coccobacilhform 
bodies III The etiological sigmficance of the coccobacilhfonn 
bodies J Exptl Med , 66, 833-860 

(61) Nelson, J B 1939 Growth of the fowl coryza bodies in tissue culture 

and in blood agar J Exptl Med , 69, 199-209 

(62) Nelson, J B 1940 Infectious catarrh of the albino rat I Experi- 

mental transmission in relation to the r6Ie of ActinobaciUus 
II The causal relation of coccobacilhform bodies J Exptl Med , 
72, 645-662 



THE PLEUEOPNEtJMONIA GEOUP 


63 


(63) Nocabd, Roto, Borhel, Samiibeni, et Dtjjabdin-Beatjmbtz 1898 Le 

microbe de la plnpneumonie Ann met Pasteur, 12, 240-262 

(64) NocAsn, Roto, et DujAHniN-BEAXJMETZ 1899 fitudes sur la p6npneu- 

mome (2* note) Bull soc centr med vetenn , p 442 [Quoted from 
Dujardin-Beaumetz (30)1 

(66) Nowak, J 1929 Morphologie, nature et cycle 6volutif du microbe de la 
p6npneumome des bovidfis Ann mat Pasteur, 43, 1330-1362 

(66) Nowak, J , et Lominski, I 1934 Morphologie et Evolution du microbe 

de I’agalaxie contagieuse des ovins et des capnns dans les milieux 
nutntifs Ann met Pasteur, 63, 438-461 

(67) Outset, P K 1930 Studies on the bactenology of epidemic influenza 

Mediome, 9, 387-411 

(68) Pabkee, F , Je , AKn HtinsoN, N P 1926 The etiology of Haverhill 

fever (Erythema Arthnticum Epidemicum) Am J Path , 2, 367-379 

(69) PiGOOET, L 1938 L’agalaxie contagieuse de la chlvre au Liban Bull 

soc path exot , 81, 194-199 

(70) Pinkerton, EL 1940 Immunological and histological studies on mink 

distemper J Am Vet Med Assoc , 96, 347-355, also personal com- 
munication 

(71) PiRiE, A 1937 The metabolism of filter-passmg organism “C” from sew- 

age Bnt J Exptl Path , 18, 96-102 

(72) PiEiE, A 1938 The effect of catalase on the respiration of a filterable 

orgamsm from sewage Bnt J Exptl Path , 19, 9-17 

(73) Ptochasb, H S 1939 Vaccination against contagious bovme pleuro- 

pneumoma with “culture virus ” Vet Record, 61, 31 and 67, quoted 
from abstract in Vet Bull 1939, 9, 705 

(74) Sabin, A B 1938 Isolation of a filtrable, transmissible agent with 

"neurolytic" properties from toxoplama-infected tissues Science, 
88, 189-191 

(76) Sabin, A B 1938 Identification of the filtrable, transmissible neurolytic 
agent isolated from toxoplasma-infected tissue as a new pleuro- 
pneumoma-bke microbe Science, 88, 675-676 

(76) Sabin, A B 1939 Expenmental prohferative arthntis m mice produced 

by filtrable, pleuropneumonia-bke microSrganisms Science, 89, 
228-229 

(77) Sabin, A B 1939 Mice as earners of pathogemc pleuropneumoma-hke 

microorganisms Science, 90, 18-19 

(78) Sabin, A B 1940 Joint pathology at different stages of expenmental, 

proliferative, progressive arthntis in mice J Bact , 39, 343 

(79) Sabin, A B , ahb Morgan, I M 1940 Effects of immune serum and vac- 

cmes on expenmental arthntis produced by the filtrable micro-organ- 
isms of the mouse pleuropneumoma group Arch Path 29, 735-736 

(80) Sabin, A B , anb Johnson, B 1940 Pathogemc pleuropneumonia-hke 

microorganisms m tissues of normal mice and isolation of new im- 
munological types Proc Soc Exptl Biol Med , 44, 569-671 

(81) Sabin, A B , and Johnson, B 1940 Search for microOrgamsms of the 

pleuropneumonia group m rheumatic and non-rheumatic children 
Proc Soc Exptl Biol Med , 44, 665-569 



64 


ALBERT B SABIN 


(82) Sabin, A B , and Wabben, J 1940 The curative effect of certain gold 

compounds on experimental, proliferative, chronic arthritis in mice 
J Bact , 40, 823-866 

(83) Sabin, A B , and Wabben, J 1940 The therapeutic effectiveness of a 

practically nontoxic new compound (calcium aurothiomalate) in experi- 
mental, proliferative, chronic arthritis of mice Science, 92, 635-636 

(84) Seiffert, G 1937 Ueber das Vorkommen filtrabler Mikroorganismen m 

der Natur und ihre ZOchtbarkeit Zentr Bakt Parasitenk , (I Abt , 
Ong ) 139, 337-342 

(86) Seiffert, G 1937 Filtrable Mikroorganismen m der freien Natur 
Ibid , 140, 168-172 

(86) Shoetensack, M 1934 Pure cultivation of the filtrable virus isolated 

from camne distemper Kitasato Arch Exptl Med , 11, 277-290 

(87) Shoetensack, H M 1936 Pure cultivation of filtrable virus isolated 

from camne distemper (part II) Morphological and cultural features 
of Aslerococcus Cams, Type I, N Sp and Asterococcxis Cams, Type 
II, N Sp Kitasato Arch Exptl Med , 13, 176-184 

(88) Shoetensack, H M 1936 Studies concermng the relation between 

canme-distemper and Asterococcus Cams, Type I and II (Part I) 
Kitasato Arch Exptl Med , 13, 269-280 

(89) Shope, R E 1939 An intermediate host for the swme influenza virus 

Science, 89, 441-442 

(90) Strangewats, W I 1933 Rate as earners of StreptobaenUvs momUformxs 

J Path Bact , 37, 46-61 

(91) SuDLTVAN, E R , AND Dienes, L 1939 Pneumoma m white mice produced 

by a pleuro-pneumonia-like micro-organism Proo Soc Exptl Biol 
Med , 41, 620-622 

(92) Swift, H F 1937 A simple method for preserving bactenal cultures by 

freezmg and drying J Bact , 33, 411-421 

(93) Swift, H F , and Brown, T McP 1939 Pathogemc pleuropneumoma- 

hke microorganisms from acute rheumatic exudates and tissues Sci- 
ence, 89, 271-272 

(94) Tang, F F , Wei, H , McWhihteb, D L , and Edgar, J 1936 An inves- 

tigation of the causal agent of bovme pleuropneumoma J Path 
Bact , 40, 391-406 

(96) Tang, F F , Wei, H , and Edgar, J 1936 Further mvestigatione on the 
causal agent of bovine pleuropneumoma J Path Bact , 42, 45-61 

(96) Turner, A W 1936 A study of the morphology and hfe cycles of the 

organism of pleuropneumoma contagiosa bourn {Borrelomyces penpneu- 
momae Nov Gen ) by observation in the living state under dark- 
ground illumination J Path Bact , 41, 1-32 

(97) Walker, J 1930 Pleuro-pneumoma contagiosa bovum A System of 

Bacteriology in Relation to Medicine (Medical Research Council, 7, 
322-336 London 

(98) Warren, J 1941 Observations on the biological characteristics of 

organisms of the pleuropneumoma group J Bact , in press 

(99) Willems, L 1900 Cinquante ann6es d’lnooulation pr6ventive de la p6n- 

pneumonie contagieuse des bovidfis (1860-1900) Bruxelles, 1900, p 21 
[Quoted from Dujardin-Beaumetz (30)] 



THE PLEUEOPNB-DMONIA QKOtTP 


65 


(100) WoGLOM, W H , AND Wahren, J 1938 A pyogenic virus m the rat 

Science, 87, 370-371 

(101) WoQLOM, W H , AND Waeren, J 1938 A pyogenic filtrable agent m the 

albino rat J Eicptl Med , 68, 613-628 

(102) WoQLOM, W H , AND Warhen, J 1939 The nature of a pyogenic filterable 

agent in the white rat J Hyg , 39, 266-267 

(103) Wrobdewski, W 1931 Morphologic et cycle 6volutif des microbes de la 

p6npneumome des bovidfes et de I’agalaxie contagieuse des chfevres et 
des moutons Ann inst Pasteur, 47, 94-115 

(104) Ziegler, M 1921 Histologische Untersuchungen fiber die Lungenseuche 

des Rmdes Z Infektionskrankh , parasit Krankh Hyg Haustiere, 
22, 37-76, 128-160, 189-237 

(106) Zinsser, H , and Batnb-Jones, S 1934 Textbook of Bactenology pp 
745-746, D Appleton-Century Company, Inc New York 

(106) Zinsser, H , and Schoenbach, E B 1937 Studies on the physiological 

conditions prevailing m tissue cultures J Exptl Med , 66, 207-227 

(107) Zinsser, H , Fitzpatrick, F , and Wei, H 1939 A study of Rickettsiae 

grown on agar tissue cultures J Exptl Med , 69, 179-190 



66 


ALBEBT B SABIN 


PLATE 1* 

Figures 1, 2, 9, 10, 11, 12, 13 are reproduced from Ledmgham (63) and figure 3 
from Klieneberger (48) The others are my own and with the exception of figures 
4 and 16, have not been published previously 

Fiq 1 “Fully developed oolomes of pleuropneumoma (strain ‘Shanghai’) and 
others which have not yet acquired the clear peripheral nngs X 70” (J Path 
Bact ) 

Fig 2 "Colomes of pleuropneumoma Strain ‘PP’ X 70” (J Path 
Bact ) 

Fig 3 L« colomes after 10 days’ incubation X 80 (J Hyg ) 

Fig 4 "X” colomes of Sabin and Johnson (81) grown from human tonsils 
X 160 (From Proc Soc Exptl Biol Med ) 

Fig 6 Type A microorganism of mice Colomes (3 days’ incubation) photo- 
graphed with transmitted light X 100 

Fig 6 Same, photographed with oblique lighting X 100 
Fig 7 Type B microSrgamsm of mice Colomes (3 days’ mcubation) photo- 
graphed with transmitted light X 100 

Fig 8 Same, photographed with oblique lighting X 100 
Fig 9 4-day culture of pleuropneumonia in serum broth, showing condensed 
rings and sphencal elements Giemsa X 1600 (J Path Bact ) 

Fig 10 *6-day culture of pleuropneumonia in serum broth, showing pre- 
dominance of “elementary bodies ” Giemsa X 1200 (J Path Bact ) 

Fig 11 Impression of 2-day old pleuropneumoma colony on serum agar 
showing “momliform elements” and “yeast-like” bodies Giemsa X 2000 
(J Path Bact ) 

Fig 12 Same “Active penpheral growth with pseudopodial budding of the 
large yeast-like bodies Giemsa X 2000” (J Path Bact ) 

Fig 13 Impression of 6-day-old pleuropneumoma colony on serum agar 
“Composite drawing of ‘nucleated’ bodies with chromatic elements surrounded 
by blue-stained sheath Giemsa X 1600 ” (I have seen similar structures in 
cultures of the Type B microorganism of naice in the early passages afterisolation 
from the ammal body, they were present in fluid as well as solid media ) (J 
Path Bact ) 

Fig 14 Mesothelial cell of peritoneum of a mouse inoculated with bram 
tissue infected with a Type A microSrgamsm, that had been maintained by 
ammal passage and had not been cultured vn intro Compare the typical forms of 
the microSrgamsm seen in the cytoplasm of the cell with those shown in Fig 16 
Giemsa X 1600 

Fig 16 2-day-old culture in serum-glucose broth of the T 3 T)e A nucroorgamsm 
of mice Note relatively simple morphology consisting of elementary bodies and 
rings exhibiting one or more dense bodies Giemsa X 1000 

Fig 16 2-day-old culture in serum-glucose broth of the Type B mioroSrgamsm 
of mice Note the more complex morphology especially the filaments “growing 
out” of the rings Giemsa X 1000 (J Bact , Ref 82) 

* Please note how remarkably different are the forms seen in preparations 
from fluid cultures as compared with those found in impressions of colomes on 
solid media 









THE CHEMISTRY OF THE PROTEINS OF THE 
ACID-FAST BACILLI 

FLORENCE B SEIBERTi 

Henry Phtpps Institute, University of Pennsylvania, Philadelphia, Pa 

The protein components of bacteria are m most cases of great 
biological significance, and an understandmg of their chemical 
compositions and properties is one of the pressmg problems m 
bactenological chemistry There is reason to expect that such 
knowledge will be of value m throwmg hght on the organisms 
themselves and perhaps also on some of the biological reactions 
that they ehcit One aspect of the long study on the tubercle 
bacillus has been motivated by these considerations 
Naturally, most such mvestigations have dealt with the proteins 
of the human type of the tubercle bacillus, while studies on the 
proteins of the other types and of other members of the acid-fast 
group have been fewer and generally less mtensive As a result 
the advance m our knowledge has not been uniform, as will 
become evident from the foUowmg survey No attempt will be 
made to review the extensive hterature deahng with the clmical 
tests or epidenuological surveys that have been earned out with 
the “Purified Protem Derivative Tuberculm” or other prepara- 
tions We shall consider here only those studies that have 
dealt specifically with the differentiation of the protems from 
different acid-fast bacith, or those that have led to the chemical 
charactenzation of these proteins 
In the beg innin g of our accurate knowledge of tuberculosis, with 
the discovery of the causative bacillus m the disease, Koch’s 
experiments m 1891 (35) led him to beheve that the substance 
responsible for ehcitmg the specific toxic effect m the diseased 
animal was of protem nature, and Hammerschlag (23) was among 

' Aided by grants from the Committee on Medical Research of the National 
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the first to identify protein as one of the constituents of the 
tubercle bacillus Weyl (93) in the same year, also isolated a 
protein and considered it to be a mucm, differing, however from 
other mucins m that on heatmg with dilute acid, a reducmg 
substance was not spht off 

About the same time Kuhne (37), well known for his fractiona- 
tion studies on proteins and their decomposition products, made 
exhaustive mvestigations on the constituents m Koch’s tubercuhn, 
but the “akroalbumose”, a propeptone which he found and which 
was precipitable by acetic acid, could be identified also m the 
peptone used m the medium In later studies, however, he made 
a tubercuhn by growmg tubercle bacilh upon a synthetic medium 
and was able to show the presence of a protem, which must have 
been a metabohc product of the bacillus He used the alcohol 
precipitation method of Koch and isolated an albumose mixture 
which contamed the whole of the active material Hofmann (28) 
obtamed six protem fractions from extracts of tubercle bacilh, 
two of which he called albumm and globuhn 

Nucleoprotein Theory Levene, however, m 1898 made the 
following statement (39) “The body substance of tubercle bacilh 
does not contam any proteids of albumin nature, that as the 
nucleus of cells it consists mostly of nucleoproteids , that one of 
the nucleoproteids differs from all the other nucleoproteids mas- 
much as it IS not precipitated by magnesium sulfate (and m this 
pomt resembles nucleo-histon), and does not give the [biuret] 
test, that it contains nuclem or nucleins as such ” He obtamed 
three proteins with coagulation pomts at 50-64°, 72-75°, and 
94^95° In later experiments he used a medium free of protem, 
m which the source of mtrogen was asparagme and the source of 
carbon was manmtol and glycerol 

In the same year Ruppel’s (57) extensive researches appeared 
At first he fractionated tubercuhn by alcohol precipitation, then 
by precipitation with saturated sodium chloride, and finally the 
filtrate with acetic acid The chief amount of matenal, however, 
remamed m solution after this precipitation and could be obtamed 
by dialyzmg the solution, evaporatmg and agam precipitating 
with alcohol The final product did not precipitate from aqueous 
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solution with saturated sodium chloride, but was completely- 
precipitated by ammomum sulfate and he therefore considered 
it to be mainly a deuteroalbumose 
By dialyzmg the origmal tubercuhn before fractional precipita- 
tion he could remove a heteroalbumose fraction Furthermore, 
he studied innumerable methods of extractmg the bacilli and 
finally used the method given by Koch of completely dismtegrat- 
mg the bacilh by mechamcal grmdmg until no mtact bacilh 
remamed By this method haK of the bacilh by weight went 
mto opalescent solution The solution gave -with acetic acid a 
considerable precipitate which was insoluble m excess of the 
acid, but soluble m dilute alkah This precipitate contamed 
four per cent phosphorus, gave a positive biuret test, but negative 
MiUon and xanthoproteic reactions From this product he 
obtamed by Kossel’s purification methods a product which 
fulfilled the specifications of a protamme For example, it 
existed as a sulfate of a basic compound, it was phosphorus-free 
and precipitable by sodium picrate m neutral solution, it gave 
only the biuret reaction, and finally it precipitated proteins m 
ammomacal solution Ruppel named the product “Tuber- 
kulosamm” and claimed it was bound m the tubercle bacillus to 
a nucleic acid, which he was also able to isolate, some of which 
existed m the free state This acid contamed 9 4 per cent phos- 
phorus, and was named “Tubercuhnsaure ” 

Klebs (34) and others were also of the opimon that there 
existed m the tubercle bacillus a nuclem and that it was re- 
sponsible for the specific tubercuhn actmty This hypothesis 
was further supported by Baldwm and Levene (40) on the basis 
of their results sho-wmg that trj^psm more easily destroyed the 
tubercuhn potency than did pepsm 
Noru-Nud&in Nature of Active Principle Based on Reaction to 
Enzymes Lowenstem and Pick (44), however, claimed that the 
tubercuhn product was destroyed by digestion with pepsm as well 
as -with trypsm and had, therefore, the characteristics of a 
polypeptide Dam^lopolu (14, 15), Pfeiffer, Trunk and Leyacker 
(54), Mueller (53) and others also found that pepsm as well as 
trypsm destroys the active substance Seibert (62) studied the 
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effect of pepsin, trypsin and erepsin upon a purijfied, water- 
soluble, non-coagulable tuberculin protein and followed, simulta- 
neously, the breakdown of the protem molecule by chermcal 
analyses and the loss m activity It was concluded that when the 
whole protem molecule is attacked, as by pepsm m acid or trypsm 
m alkahne solution, activity is lost, whereas when the peptide 
bonds m the proteose molecule are attacked, as by erepsm, no 
loss m activity occurs In view of the recent isolations of highly 
purified, crystalhne enzymes, it would be of value to restudy this 
problem 

This contention of Ruppel concernmg the nucleoprotem nature 
of the active tubercuhn fraction was further refuted by Toenmes- 
sen (88) His preparation, which he called “Tebeprotm,” was 
made by heatmg the bacilh m dilute mineral acid, extractmg with 
alkah, filtenng through a Berkefeld candle and then precipitatmg 
and reprecipitatmg with acetic acid It contamed 12 3 per cent 
nitrogen, no phosphorus, no punne bases, and gave a negative 
Mohsch reaction but positive biuret and MiUon reactions, 0 1 mg 
of “Tebeprotm” had a tubercuhn potency eqmvalent to 10 mgm. 
of Old Tubercuhn 

Other Theories as to the Nature of the Active Principle In 
addition to the opmions cited above, the debate as to the nature 
of the active substance m tubercuhn was earned on by the foUow- 
mg mvestigators Much (52) beheved it was associated with 
hpoid Biehng (5) claimed it was not a smgle pure substance, 
but somethmg which readily adsorbs to numerous other sub- 
stances, mcludmg protem, protem denvatives, kaohn, alummum 
hydroxide, sihcic acid, etc Jastrowitz and Wemberg (29) and 
Sandor (59) were of the same opmion Later Boquet (8) thought 
it accompanied something of proteose nature, and so also did 
Kall6s and Hoffmann (33) Some of these views were due largely 
to the experiments on dialysis of tubercuhn 

Dialysis of the Active Principle On the subject as to whether 
or not the active pnnciple dialyzes the views have been numerous 
Zieler (95), Dam51opolu (13), Lowenstem and Pick (44), Zinsser 
(96), LeGuyon and Albert-Weil (38), and Maschmann and 
Kuster (46), among others, claimed that the active prmciple did 
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dialyze through membranes of viscose, collodion, vegetable 
parchment or fish-bladder On the other hand, Ruppel (57), 
Mane and Tiffeneau (45), Selter and Tancrd (82), Seibert and 
collaborators (61, 65, 66), Tytler (89), and Kall6s and Hoffmann 
(33) mamtamed that the active principle could be held back on 
dialysis and that it could be fractionated and even concentrated 
m this manner, provided a smtable membrane was employed In 
actual fact, pressure-dialysis, or ultrafiltration is one of the 
important steps recently used on a commercial scale m secur- 
mg the active principle m concentrated form before its final 
purification 

Obviously membranes of different porosities were used by the 
different mvestigators and the matter resolves itself, not so much 
mto the question as to whether the active principle of tubercuhn 
does or does not dialyze, as mto the question of how small a 
molecule can possess the tubercuhn activity and also as to whether 
this activity can accompany molecules of different sizes That 
the activity does accompany molecules of different sizes is the 
prevaihng opimon at the present time, and much evidence has 
accumulated to show that this is so This will be discussed later 

Association of the Active Principle vnth Normal Protein Fractions 
In addition to the hterature so far cited, mention should also be 
made of the foUowmg studies, all of which show that tubercuhn 
activity accompames fractions which could be considered to be 
more or less normal protems Half-saturation with ammomum 
sulfate, as weU as complete saturation, precipitated active protem 
fractions (63) from tubercuhn filtrates obtamed by growmg tuber- 
cle bacilh on synthetic medium It was foimd, furthermore, by 
Seibert (64, 67) that a small amount of a protem with high tuber- 
cuhn activity could be crystaUized at an optimum pH of 4 9, 
by Hopkins’ method for crystalhzmg egg albumm Very fine 
needles formed and they usually grouped themselves mto burrs 
In one experiment, m which the protem was redissolveff and 
recrystaUized fourteen tunes, the potency was mcreased rather 
than decreased 

Masucci and McAlpme (47) made a preparation, called MA- 
100, which was obtamed after precipitation eight tunes by half- 
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saturation with ammonium sulfate, once with five volumes of 95 
per cent alcohol at pH 4 7, four tunes at pH 4 7, and finally 
hydrolysis with barium hydroxide Later a very simple method 
for obtammg the active protem from tubercuhn filtrates, m pow- 
der form, m which the potency and analyses were easily duph- 
cated, was given by Seibert and Munday (70) This product 
was made by concentratmg large quantities of filtrate from tuber- 
cle bacilh grown on S3aithetic medium by ultrafiltration and then 
precipitatmg once with trichloracetic acid and removing the 
trichloracetic acid with ether This product, called TFT, was 
used extensively m many researches 

Gough (21) obtained an active preparation from tubercuhn 
filtrate by first removmg a precipitate at about pH 5 0 and then 
adsorbmg the active substance on benzoic acid, from which it 
was freed with acetone Boquet and Sandor (7) precipitated an 
active fraction by means of phosphotungstic and sulfunc acids 
and then freed it by means of a saturated solution of baryta 
Gozsy and Vdsdrhelyi (22) tried to mcrease the degree of purifica- 
tion of a preparation already purified, by means of chromato- 
graphic adsorption, but were not able to do so and this fact they 
claimed argued for the purity of the origmal matenal However, 
Seibert, Pedersen and Tisehus (78) had shown that fractions 
obtamed by chromatographic adsorption and elution at pH 8, 
gave asymmetncal curves when studied m the ultracentrifuge, 
mdicatmg more or less molecular heterogeneity of the isolated 
fractions It is probable that the same phenomenon of mter- 
action of components was m effect as was shown later by Seibert 
and Watson (81) to be so promment m their attempts to punfy 
the polysaccharides of tubercuhn For example, it was not pos- 
sible to remove the mtrogenous impurities (protem and nucleic 
acid) to less than about one per cent mtrogen from one of then 
polysaccharide fractions by exposure to an electrophoretic poten- 
tial gradient of 3 7 volts per cm (about 400 v and 17 ma ) for 
114 hours On the other hand, another polysaccharide fraction 
was readily purified to a content of 0 2 per cent mtrogen m half 
the tune under identical conditions 

Active Protein from Bacillary Extracts Numerous prepara- 
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tions, considered to be protein, have been isolated from extracts 
of tubercle baciUi Coghill (11) obtained an active water-soluble 
protem from bacilh previously defatted by repeated extraction 
with cold ether, and also a less active fraction by extractmg the 
residue with alkah The proteins were precipitated with acetic 
acid Dienes, et al (16) used aqueous and weak alkalme extracts 
of tubercle bacilh and precipitated the protems with sodium 
suKate or acid and heat Later Dienes (17) fractionally precipi- 
tated the bactenal extracts at different hydrogen ion concentra- 
tions obtamed by addmg mcrements of hydrochloric acid He 
thought he could detect by means of the precipitm reaction that 
the protems obtamed from the weak alkalme extracts were dif- 
ferent from those obtamed from the aqueous extracts T}^- 
ler (89) extracted ground dried bacilh with acetone and then with 
water at 37° for 2 to 6 weeks The protem was then precipitated 
from the aqueous extract with acetic acid at pH 3 8 to 4 0, redis- 
solved at pH 5 5 to 6 0, reprecipitated with ammomum sulfate, 
dialyzed and dried under high vacuum from the frozen state 
An attempt to cause less denaturation of the bacilh durmg 
the defattmg process was undertaken by Gough (21) He used 
Hardy and Gardmer’s (25) method of extractmg an ice-cold sus- 
pension of hvmg tubercle bacdh, grown on synthetic medium, 
with a large excess of absolute alcohol at — 10°, and then replacmg 
at —3° the solvent with successive changes of mixtures of alcohol 
and ether cont ainin g mcreasmg proportions of ether up to anhy- 
drous ether The idea that this procedure does leave protems 
unharmed, however, has been questioned by McFarlane (50), 
smce he found fundamental changes m the physical state of 
serum proteins dried m this manner 
Heidelberger and Menzel (26) also attempted to isolate the 
protems of the bacillary bodies m imdenatured form They used 
hvmg bacdh which had been frozen and dried m vacuum, and 
kdled them by imm ersion m cold acetate buffer at pH 4 0 for 
30 days After this the cells were extracted four tunes m cold 
redistdled acetone, three tunes with purified anhydrous ether, 
dried tn vacuo, ground for ten days, reextracted two more tunes 
with cold ether, and dried The cell residues were then sue- 
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cessively extracted with buffers ranging from pH 4 0 to 11 0, and 
then finally in 0 1, 0 2 and 0 5 normal sodium hydroxide at room 
temperature Each fraction was then precipitated with acetic 
acid to maximum flocculation and repurified several tunes 
Among the many fractions obtamed they identified two antigemc 
components, and finally, by subfractionatmg each fraction, they 
found at least three components 

Search for Albumin and Globulin Attempts to identify t3T)ical 
albumin and globuhn fractions m the tubercuhn filtrate or m the 
bacillary extracts have also been made As early as 1894 Hof- 
mann (28) classified two of his six fractions from bacillary extracts 
as albumm and globuhn, the former bemg soluble m water and 
the latter m weak acid Seibert’s (67) method of crystalhzmg a 
protem from the tubercuhn filtrate would naturally c\ass)ly it as 
an albumin, and furthermore, no significant protem fraction was 
ever found m the unheated culture filtrates which would precipi- 
tate out on dialysis against water CoghiU (11) looked for the 
two types of protem m his bacillary extracts, and found a water- 
soluble fraction, precipitable with acetic acid, which he classed 
as an albumm But he could find no fraction which corresponded 
to globuhn, smce a 5 per cent sodium chloride extract yielded a 
protem fraction from which nothmg would precipitate on dialysis 
against water 

Gough (20) obtamed protem fractions from his bacillary ex- 
tracts which precipitated at half and complete saturation with 
amm onium sulfate, as globuhns and albumins are supposed to do, 
and he called them such, even though the globuhn did not precipi- 
tate from aqueous solution on prolonged dialysis against water 
The two fractions had distmct properties, mdicatmg that a 
separation of different proteins had reaUy been made, even though 
the tubercuhn activity of both of them was about equal The 
albumm fraction contamed more carbohydrate m defimte asso- 
ciation, more phosphorus, and retamed its precipitatmg power 
after treatment with 0 5 per cent sodium hydroxide, m contrast 
to the globuhn fraction 

Protein Nature of the Active Principle The study of the pro- 
teins produced and released by the tubercle bacillus has been 
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chiefly, as noted above, the story of a search for the active prin- 
ciple of tuberculin In practically all of the studies cited, special 
attention has been given to the activity of the preparation and 
when a protein fraction appeared to be inactive or less active, 
interest in it was usually lost It is obvious that the activity 
accompanies fractions which can be isolated m many different 
ways, and the number of preparations mentioned m this paper 
IS only a fraction of the list of tubercuhn products offered for 
therapeutic and diagnostic use (4) Excellent reviews are given 
by Wells and Long (92), by Long (42), and by Calmette (9) 

One IS much impressed with the high degree of stabihty of the 
active prmciple even imder the drastic treatment often used, and 
it IS not easy to find m the realm of known biologically potent 
soluble proteins one with such a remarkably high degree of sta- 
bihty In this respect mvestigators m this field axe fortunate 
However, more careful studies of this protem do not show that 
it IS really so constant m regard to its physical properties, smce 
fractions with innumerable different combmations of properties 
can be obtamed from the same solution, simply by varymg the 
method of isolation 

All of these facts mdicate that the biological potency must be 
inherent m some small, relatively stable part of the protem mole- 
cule, and many changes can be effected m the molecule as a 
whole, before there is recognizable loss m the biological activity 
With such an explanation all the different views can be brought 
mto harmony 

That the activity is associated with protem or some part of the 
protem molecule can no longer be doubted when one considers 
the evidence To summarize, the facts are as follows 

1 Coagulable protem appears m the culture medium at about 

the same time as tubercuhn activity 

2 Protem precipitants carry down the activity along with the 

protem 

3 When the protem fractions are purified the content of mtro- 

gen parallels the potency 

4 Pepsm and trypsm destroy the potency simultaneously with 

the breakdown of the protem molecule 
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5 The potency accompanies the crystalhzed protem and even 

has been shown to mcrease durmg 14 recrystalhzations 

6 When protem precipitable by trichloracetic acid is found 

m tubercuhn ultrafiltrates, there is tubercuhn activity 
also m these filtrates Otherwise, there is never more 
than a trace of potency 

7 The potency accompames protem molecules of different 

sizes which have been shown to be practically homoge- 
neous m sedimentation and diffusion These will be dis- 
cussed later 

8 The active prmciple migrates with the protem m electro- 

phoresis 

Molecular Size of Active Principle That there may be potent 
protem molecules of different sizes, or that there may be potent 
molecules of different sizes which represent consecutive break- 
down stages m the protem molecule was the logical suggestion 
from the apparently conflictmg opmions m the hterature Ex- 
periments with fractional ultrafiltration through graded mem- 
branes (69) also mdicated that this was true An attempt to 
mvestigate this suggestion was made m 1933 (73) with the 
ph 3 ^ico-chemical techmcs then generally available, and it seemed 
as though the potency could accompany molecules rangmg m 
size from about 2000 to 34,000 However, a much more accurate 
and comprehensive study of this problem was made m Professor 
Svedberg’s laboratory, Upsala, Sweden, by Seibert, Pedersen and 
Tisehus (78), usmg the precise ultracentrifuge, diff’usion and 
electrophoresis techmcs there available These studies led to 
the conclusion that practically homogeneous fractions with 
molecular weights of 16,000 and 32,000 could be isolated from 
tubercuhn, and both of them were highly potent A molecule 
even as small as 9000 had some potency Recently X-ray dif- 
fraction patterns have been obtamed on some of the homogeneous 
protems (85) 

Previously it had been shown (71) that the molecule with 16,000 
molecular weight did not stimulate the production of antibodies 
(precipitms), nor ehcit a typical Arthus reaction when repeatedly 
mjected mto normal rabbits, whereas the molecule of 32,000 
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molecular weight was highly antigenic The smaller molecule 
had been isolated from heated tuberculm, like Old Tubercuhn, 
and the larger one came from unheated culture filtrate More- 
over, the small molecule became antigemc after it was adsorbed 
to alummum hydroxide and charcoal (76) mdicatmg that it was 
actmg like a haptene This phenomenon seemed to mdicate 
that we were deahng not with an irreversible breakdown of an 
antigemc whole protem molecule to a proteose, with loss m anti- 
gemcity, but possibly with a situation such as was assumed 
earher (78) , namely, that the potency might be inherent m a small 
umt molecule, similar to one of Svedberg's protem umts of 17,000 
molecular weight and that when two or more of these aggregated, 
the larger molecule would become antigemc There would be 
no difference m the mtrogen content of the two products 

However, recent researches (80, 91) have shown that tubercuhn 
protem molecules even smaller than 17,000 molecular weight have 
considerable antigemcity Smce one of these, which has been 
studied by electrophoresis, has been shown to be somewhat 
heterogeneous and to consist of at least two components, the 
relationship of molecular size and antigemcity is still not entirely 
clear 

Theory of a Reversibly Dissociable Component System It is 
obvious, however, that the system of tuberculm protem molecules 
under consideration is extremely complex The results so far 
available might suggest a reversibly dissociable component sys- 
tem such as postulated by Hardy (24), Sdrensen (83), and 
Block (6) for some of the well-known proteins According to 
these mvestigators the proteins which one isolates from whole 
serum as defimte chemical entities by simple chemical treatment 
with neutral salts, do not exist as such m the serum Whole 
serum protem is electrically mert, accordmg to Hardy (24) and 
Tisehus (87) It may be considered as a system of reversible 
components so combmed m its natural environment as to act as 
a smgle substance, but which can be readily dissociated mto frac- 
tions whose composition and properties depend upon the degree 
of dilution and the reagents used Sprensen (83) stated that 
“Withm each complex all the atoms or atom groups are mter- 
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linked by mam valencies, whereas the various complexes of com- 
ponents are reversibly mterlmked by means of residual valences ” 
Thus if one of the components contamed a high proportion of a 
certam ammo acid, a fraction could be isolated which would 
contam a very high percentage of this particular ammo acid, 
dependmg upon the method used for isolation and the amount 
of rearrangement of the co-precipitation systems For example. 
Block (6) obtamed by fractionatmg the whole serum with neutral 
salts, different proteins which vaned from 4 to 39 per cent m 
their content of lysme A good review of these hypotheses and 
the available evidence for them can be found m Schmidt’s 
book (60) 

It IS true that innumerable tuberculm protem fractions can be 
isolated which vary m the proportions of protem, carbohydrate 
and nucleic acid components and also m their potency, toxicity 
and antigemcity Moreover, fractions with rather defimte pro- 
portions of these components and constant biological properties 
can be repeatedly produced if the same method is used, at least 
from the same lot of raw tuberculm It is clear also that the 
biological properties mentioned are not dependent upon the 
presence of carbohydrate or nucleic acid, except insofar as a 
question of contamination or dilution may be concerned, smce 
highly potent protem fractions demonstrated to be almost free 
of these constituents have been isolated (79) Thus we cannot 
consider the active prmciple to be a true nucleoprotem or a muco- 
protem even though the potency may be present m such mole- 
cules It would seem that the potency of any fraction isolated 
deiiends upon the mclusion withm its complex of a particular 
protem component that contains the specific group responsible 
for the tuberculm potency It is hkely that this component is 
present m considerable proportion, smce it is difficult to isolate 
completely mactive carbohydrate, nucleic acid or protem frac- 
tions from the tubercuhn, and relatively easy to secure highly 
antive tubercuhn preparations with small differences m potency 
The problem of isolatmg and identifymg the specific component 
m the tubercuhn protem-complex, therefore, becomes even much 
more comphcated than m the case of serum, because of the 
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presence of the nucleic acid and polysaccharide components m 
addition to the proteins, of which it is still not certam how many 
exist 

Ammo Acid Analysis of the Proteins The question as to the 
existence of such a reversibly dissociable system m tubercuhn 
protem fractions could possibly be answered by makin g compara- 
tive amino acid analyses on the purified protem preparations 
An attempt was made to do this by Seibert and Munday (74) 
m 1933, and there proved to be very much more total basic mtro- 
gen m the small molecule (SOTT) than m the large molecule 
(TPA) However, not too much significance can be placed on 
these results smce satisfactory micro-methods were not then 
available to show that the SOTT contamed much more nucleic 
acid than the TPA, and this may have accounted for the high 
basic mtrogen Moreover, the presence of polysaccharide seri- 
ously affects the accuracy of the results The difficulty m an 
adequate study of this problem is the securmg for analysis of 
sufficient quantities of the fractions really freed of nucleic acid 
and polysaccharide and molecularly homogeneous, such as those 
isolated and proved to have molecular weights of 16,000 
and 32,000 

Analyses of the ammo acid content of the protems isolated from 
extracts of tubercle bacilh have been made by Tamura (86), 
Johnson and Brown (31), Johnson and CoghiU (32), Campbell (10) 
and Popper and Warkany (55) Tamura emphasized the high 
content of phenylalanme, and Johnson and Coghill emphasized 
the high content of hexone bases and low content of cystme 
Popper and Warkany found 1 1 per cent typtophane and 1 4 per 
cent tyrosme and pomted out that these constituents varied from 
the quantities usually found m animal and plant tissues 

Denaturation of the TvbercuLin Protem The exact composition 
of the active tubercuhn protem complex becomes further com- 
phcated by the question of denaturation In addition to the 
supposition that the potency of a fraction may depend upon the 
proportionate amounts of active protem, mactive protem, poly- 
saccharide and nucleic acid present, there is also the possibihty 
that some denaturation of the active protem may have taken 
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place The degree of this denaturation may vary with different 
preparations accordmg to their treatment 
Table 1 is a compilation of data on a selected number of frac- 
tions studied at various tunes, and illustrates that the potency 
IS not dependent upon the amount of nucleic acid or polysac- 
charide present, smce large or small quantities of these impurities 
may be found m preparations with potency one-half or twice as 
great There is also no defimte correlation with the antigemcity 

TABLE 1 


A comparison showing the lack of correlalton between nucleic and or polysaccharide 
content of certain preparations and their potency or antigeninty 


pbepabatiok 

ITUCLinC ACID 

F OLTSACCHABID S 

BCLAT17S 

TUDEECDLIN 

POTENCT 

BHiATIVB 

AWnOEWIOTT 


per eeni 

pa- cent 



TPA-30 K 

0 

2 0 

* 

Good 

Rx 

6 1 

7 2 

X 


98 

27 7 

32 6 

X 


63 

3 0 

4 4 

2 X 

Moderate 

19 

21 8 

24 0 

2 X 

Poor 

65 

0 8 

4 8 

4 X 

Moderate 

R5 

21 2 

20 1 

4 X 

Moderate 


* The potency is not recorded, smce it was greater than 2 x (x stands for the 
lowest activity recorded above) at 24 hours but less at 48 hours, mdicating a 
more typical anaphylactic type of reaction Preparation TPA-30 K (considered 
to be highly antigemc) was isolated from an unheated tubercukn filtrate, while 
all the others were obtained from heated fractions 

of the fractions It would seem that these biological properties 
are more dependent upon the type of protem components present, 
and possibly the extent of their denaturation 

In the case of one "Punfied Protem Derivative Tubercuhn,” 
a fractionation could be made (78) mto three protem components 
of quite different properties For example, one (Fraction b3) 
was highly potent, a poor antigen, fairly homogeneous m ultra- 
centrifugal sedimentation and m diffusion, with a molecular 
weight of about 16,000, and a frictional ratio of 1 9, mdicatmg 
some diss 3 nnmetry of the molecule 
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There was present also a small amoimt of molecules about half 
this size, (Fraction b3b), which were less active and apparently 
homogeneous m the ultracentrifuge The third component (Frac- 
tion b2) occurred m considerable quantity, behaved like very 
heterogeneous, thread-like or hydrated molecules m sedimentation 
and diffusion, and was less active This fraction dissolved with 
difficulty m buffer at pH 8 0, swellmg at first and then showmg 
mdication of gelhng There is reason to beheve that this reaction 
mdicates the presence of denatured protem molecules Thus 
varymg proportions of these three components would give products 
with varymg potencies and physical properties 

A similar denaturation occasionally occurs durmg concentration 
of tuberculm on ultrafilters, as evidenced by the formation of a 
gel on the membrane This gel has been shown (78) to consist 
of particles of many sizes and even of huge dimensions, with 
sedimentation constants as high as iSjo =46 It is usually less 
soluble and sometimes insoluble Furthermore, these gel frac- 
tions are always less potent 

It IS quite probable, therefore, that at least one form of dena- 
turation of the tubercuhn protem may occur first through a spht- 
tmg or opemng of the umt molecule with considerable loss in 
potency and exposure of extra polar groups, through which a 
polymerization of these elongated molecules may take place to 
form long thread-hke structures Smce the titration curves (78) 
mdicate that the extra exposed groups may be ones which disso- 
ciate at about a pH 5 0, it is possible that the immo group of 
histidme may be important m deter mini ng the potency of tuber- 
cuhn The mvestigation mto the question as to which groups 
of the molecule are important m determinmg the tubercuhn 
activity has of necessity waited upon the availabfiity of prepara- 
tions with molecules of relative homogeneity 

“Purified Protein Derivative Tuberculin ” As stated earher, the 
study of the tubercle bacillus protems has always been a search 
for the active principle and methods for isolatmg it m pure, 
stable and highly potent form for use m the diagnosis of tuber- 
culosis From this standpomt, the search can be considered to 
have culnunated at the present time in the production of "Purified 
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Protein Derivative Tuberculin/’ which has been used extensively 
in different parts of the world and which has been accepted as a 
standard tubercuhn Its preparation by means of tncUoracetic 
acid, its properties, and some clmical results obtamed with it 
were given m 1934 (75) It was a powder, whose potency has 
remamed stable for at least five years and which could readily 
be made mto quantitative solutions It was relatively non- 
antigemc m comparison with the unheated protem 
Further study by means of spectral absorption (84) and electro- 
phoresis (78) revealed the fact that this preparation still contained 
considerable nucleic acid and polysaccharide and that the amount 
varied with different preparations, accordmg to how much was 
present m the origmal Old Tubercuhn from which it was isolated 
It was found also (79) that the nucleic acid migrated m electro- 
phoresis along with the protem as a smgle component at pH num- 
bers lower than 5 0, but readily separated and travelled with a 
much greater velocity at more alkalme levels This suggested 
that a product with a lower content of nucleic acid might be 
obtamed by precipitatmg the protem at pH 7 0 Therefore, 
saturated ammomum sulfate which had previously been neu- 
trahzed with disodium phosphate was used as the precipitant 
Furthermore, other modifications were later mtroduced mto 
the process, with the object of makmg the procedure less drastic 
and thus of decreasmg the amount of denaturation of the protem 
For example, the culture was heated m the Arnold stenhzer but 
the prolonged concentration on the steam-bath was ehmmated, 
and the rest of the procedure was carried out at 5° The final 
product was dried from the frozen state instead of by means of 
ether It proved to be twice as potent as previous preparations 
A very large quantity of the new “Purified Protem Derivative” 
was made by this method for use as a new official standard for 
tuberculins Its preparation was reported by Seibert and 
Glenn (80) Satisfactory “Purified Protem Derivative” prepa- 
rations for use m diagnosis made by these methods or shght 
modifications of them have been reported by Jensen, et al (30) 
m Denmark, by Doig, et al (18) m England, by Wong and 
Chu (94) m Chma, by Vda4rhelyi and Gozsy (90) m Himgary, 
and by Leyva (41) m the Phihppmes 
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CHEMICAL AND IMMUNOLOGICAL STUDIES ON PROTEINS OF OTHER 

ACID-FAST BACILLI 

In comparison with the human type tubercle bacillus, no other 
group of acid-fast bacilh has received as much study In fact, 
very httle experimental matenal is available Tamura (86) com- 
pared the analyses of the ammo acids m Mycobadenum ivbercu- 
losts (human type) with those m M lacttcola perrugosum and 
found lower contents of Z-phenylalanme and vahne but higher 
arginine and Z-prohne m the latter 

One of the most mterestmg studies was that of CoghiU and 
Bird (12) on the protem of M phlei (Moeller) They found 
marked differences m the properties of this protem and that 
isolated similarly from the (H37) human stram of tubercle bacillus 
For example, with the protem of M phlei, no precipitate occurred 
even m concentrated solutions with acetic acid, and only about 
one-third as much mtrogen appeared m the aqueous extract or 
m the 0 5 per cent sodium hydroxide extract as with the protem 
of the human tubercle bacillus However, 14 tunes as much of 
the water-soluble mtrogen m the M phJei fraction was protem 
mtrogen as m the case of the tubercle bacillus Thus, defimte 
differences were demonstrated m the proteins of these two bacdh 
as well as m their nucleic acids The nucleic acid of the human 
type tubercle bacillus contamed thymme, whereas that of M 
phlei contamed instead uracil and methyl-cytosme 

Renfrew (56) found that less water-soluble and less alkah- 
soluble protem as well as less polysacchande existed m the avian 
tubercle bacillus than m the human stram 

Smce immunological methods are as a rule very sensitive, some 
serological studies have been made m the hope of differentiatmg 
the proteins of the acid-fast bacilh Serologically by means of the 
agglutmation test, Koch (35) had shown that there is a relation- 
ship between the human tubercle bacillus and a large number 
of other acid-fast organisms, mcluding some from cold-blooded 
animals, and that this relationship did not exist with other patho- 
gemc bactena Recent work has shown that there is probably a 
serological group-speciQcitj’^ due to the polysaccharides of the acid- 
fast bacilh, whereas a type-specificity is apparently due to the 
proteins m these bacilh For example, the protems prepared 
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from cultures of a human, bovme and avian type tubercle bacillus 
and a timothy hay bacillus by precipitation with ammomum sul- 
fate or trichloracetic acid (68) could be differentiated by means 
of the precipitm reaction The specific antigen always gave the 
highest titer, mdicatmg a defimte difference m the chemical com- 
position or structure of these proteins The fact that there were 
some very defimte cross-reactions mdicates that there are prob- 
ably certam chemical groups common to the proteins m the dif- 
ferent acid-fast bacilh The human and bovme type proteins 
were the most difficult to distmguish, although even here there 
was some difference Later studies were made by Seibert (77) 
on the potency, precipitm reaction, and acid-base combimng 
capacity of proteins made identically by the trichloracetic acid 
precipitation method (TFT) from culture filtrates of five different 
strains of human tubercle baciUi m comparison with the protems 
from a bovme, an avian, a timothy hay and two leprosy strains 
The potencies of the five human stram protems differed only 
shghtly m some cases Serologically they were identical The 
acid-base combimng capacity curves showed a much closer cor- 
respondence between the five protems from human type tubercle 
bacilh than between them and the proteins made from the other 
types of acid-fast baciUi In view of more recent work, these last 
experiments should be repeated on fractions more pure with 
respect to nucleic acid contammation, smce the acid-base com- 
bmmg capacity of the latter acid would markedly influence the 
shape of the curve Henderson (27) utilized some of the same 
methods for differentiatmg 27 strains of acid-fast bacilh, among 
which were 16 isolated from patients with leprosy, and he was 
able to make defimte groupmgs, based upon the cross-reactions 
The precipitm test was also used successfully by McCarter, 
Kanne and Hastmgs (49) for distmguishmg between the protems 
of the human, bovme, avian, and two saproph 3 d;ic acid-fast bac- 
teria isolated from the cow and hog Protem from Johne's 
bacillus was also distmguishable from all of these except the 
avian type Similar differentiation of the different acid-fast 
bacilh was made by Menzel and Heidelberger (51) They iso- 
lated protem fractions from the hvmg cells of M 'phlei, and the 
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avian, and bovine tubercle bacdius by the same method which 
they had previously used on the human type Correspondmg 
fractions were distmguishable from each other by means of the 
quantitative precipitm reaction, but the human and bovme pro- 
teins were very closely related 

Potency tests also showed some difference m the proteins from 
different types of tubercle bacilh Seibert and Morley (72) pre- 
cipitated by means of trichloracetic acid the proteins from the 
tuberculins of three different human strains, one of which was an 
extremely avirulent type, and they could not distmguish between 
them m potency when tested m tuberculous gumea pigs They 
did, however, find a difference between the potencies of the respec- 
tive proteins made similarly from bovme, human, and avian 
tubercle bacillus filtrates, with decreasmg potency for tuberculous 
gumea pigs m the order mentioned This has recently been 
confirmed Purified protem derivatives were made by the re- 
cently modified techmc referred to above, from bovme, human 
and avian tubercle bacillus filtrates, the protem from the bovme 
type proved to be much more potent than that from the human 
type, and the latter was more potent than the protein from the 
avian type when tested mtracutaneously m human bemgs. 
Moreover, the skm reaction with the avian protem was different. 
The area was soft and diffuse and usually did not reach the degree 
of induration or seventy characteristic of the typical tubercuhn 
reaction, except when the reactions were large 

Some mterestmg results obtamed with the avian purified pro- 
tem derivative m several senes of mtracutaneous tests on stu- 
dents have been reported by McCarter, Getz and Stiehm (48) 
In their study a considerable number of students, especially 
those commg from farms, reacted to the avian but not to the 
human purified protem denvative No student with active tuber- 
culosis failed to react to the human purified protem denvative 
Protem from the smegma bacillus filtrate gave results somewhat 
like those with the avian bacillus protem, and that from the 
bovme bacillus filtrate reacted like the purified protem from the 
human bacillus filtrate 

A purified protem derivative prepared from a culture filtrate of 
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the timothy grass bacillus gave reactions (43) m subjects who 
required comparatively large doses (0 005 mgm ) of the analogous 
protem from the human bacillus to cause a reaction Smaller 
doses, equivalent to the usual first dose (0 00002 mgm ), gave no 
reactions 

Similar mtracutaneous cross-reactions had been found by 
Fenger, et al (19) to be caused by the protems from vanous acid- 
fast bacilh Their fractions had been made from unheated cul- 
ture filtrates and were purified by means of ammomum sulfate 
(MA-100). The amounts required to produce reactions varied 
with the source of the preparation and were as follows 0 0001 
mgm of bovme, 0 0005 mgm of human, 0 001 mgm of avian, and 
0 01 mgm of M phlet Thus, they also found that the bovme 
was stronger and the avian weaker than the human type protem 

Recently Aronson, Parr and Saylor (1) have reported mtra- 
cutaneous cross-reactions m subjects who were highly sensitive to 
the human purified protem denvative, with 0 00002 mgm doses 
of protem fractions (TPTs) of Mycobacterium phlei, M smegmaiic, 
M ranae, M mannum, M avium, M hulyncum, M leprae and 
M thamnopheos There was also evidence of regional variation 
m the sensitizations For example, m the Philadelphia and 
Arizona areas, there were 18 2 and 17 1 per cent reactors to the 
M phlei protem fraction, m contrast to 0 4 per cent m the South 
Dakota area In the same areas, 98, 82 and 54 per cent 
respectively of those tested reacted to the human purified protem 
denvative tubercuhn These reactions cannot be considered non- 
specific, smce about 93 per cent of children vaccmated (2) mtrar 
cutaneously with BCG vaccme became sensitive and reacted 
even after two or three years to this purified protem denvative 
tubercuhn 


CONCIiUSION 

Among the proteins of the acid-fast bacilh, none has received 
as much study as that from the human type tubercle bacillus 
Most of these studies have been the result of a search for the 
specific active pnnciple of tubercuhn The conclusion that this 
active substance is protem, has been supported by comprehensive 
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and convincing evidence, and the apparently divergent views 
previously held that it was associated with mucoprotein, nucleo- 
protem, proteose, etc are explained by the existence of a complex 
mterrelationship between the protem, nucleic acid, and poly- 
saccharide molecules m tubercuhn Recent physico-chermcal 
techmcs have demonstrated a fact frequently suspected, namely 
that tubercuhn proteins of various molecular sizes (10,000 to 
32,000) are potent Thus, the disagreement m the hterature as 
to whether or not the active material is dialyzable has been due 
to the fact that different mvestigators were workmg with potent 
molecules of different sizes 

Apparently, the biological potency must be inherent m some 
small, relatively stable part of the protem molecule, and many 
changes can be effected m the molecule as a whole before there 
IS recognizable loss m the biological activity Tuberculin m its 
origmal form, as produced by the tubercle bacillus may, therefore, 
be considered a reversibly dissociable component system, which 
consists of active protem, mactive protem, polysaccharide and nu- 
cleic acid The relative proportions of these various components 
and properties (potency, specificity, toxicity, antigemcity) m any 
fraction would depend upon the degree of dilution and the reagents 
used for isolatmg the fraction With this knowledge, it is appar- 
ently possible to isolate molecularly homogeneous substances which 
would repay careful study along the foUowmg Imes (a) their 
precise ammo-acid composition, (b) their reactions to specific and 
highly purified enzymes, and (c) their specific chermcal groups re- 
sponsible for the biological properties which have made tubercuhn 
an mterestmg and important biological product Heretofore anal- 
yses of this character have been of doubtful significance because 
of the impurity and heterogeneity of the products studied 

It has been suggested that the mechanism mvolved m the 
denaturation of the protem mvolves a sphttmg m the umt mole- 
cule and then a polymerization of the spht, elongated molecules 
mto long thread-like structures capable of formmg gels 

From the practical standpomt the chermcal studies have led to 
the isolation of a purified and highly potent protem m large 
quantity for use as a new official standard for tuberculins This 
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product has been designated “Purified Protein Derivative 
Tuberculin ” 

The proteins from several other acid-fast bacilh have been 
isolated by similar methods, and have been shown mainly by 
imm unological methods to differ from the protem of the human 
type tubercle bacillus Recent work mdicates that a serological 
group-specificity exists m the polysaccharides, while a type- 
specificity IS due to the proteins of these bacilli 
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This review is concerned with the cytology and genetics of 
yeasts, with their induced and spontaneous vanations and mu- 
tations, with their classification and identification It is limited 
to papers appearmg during the past decade, save that some older 
papers have been cited for the sake of contmmty or clearness 
No attempt has been made to review the vast hterature on the 
physiology and biochemistry of the yeasts 
For some years there has been mamtamed an mtemational 
type culture collection of yeasts at the Techmsche Hoogeschool 
m Delft, a section of the Centraalbureau voor Schimmelcultures 
This collection of cultures from a vanety of matenals and from 
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all parts of the world has been carefully and systematically worked 
over by several persons with the direction of Prof A J Kluyver, 
and the results are being published as a senes of monographs 
The first appeared m 1931 — “Die Sporogenen Hefen” by Fr N M 
Stelhng-Dekker A second division, “Die Anaskosporogenen 
Hefen” by Frl Jacomma Lodder, is m two portions The first 
half, deahng with asporogenous yeasts which do not form my- 
cehum or pseudomycehum, was published m 1934 The second 
half, deahng with asporogenous yeasts which do form mycehum, 
the Mycotoruloideae, has not yet been published This review 
has largely been bmlt up around these two monographs Partly 
because the second half of Miss Dodder’s monograph is lackmg, 
and partly to keep the review withm a reasonable size, the 
MycotoruUndeae will not be reviewed 
Any discussion of yeasts must be preceded by a defimtion of 
the limits of the group, or hopeless confusion will result Many 
bacteriologists with httle expenence m studymg yeasts think 
that they know very precisely what a yeast is, and define it as 
a umcellular fungus multiplying by buddmg Actually such a 
defimtion will apply only to a small proportion of the organisms 
usually classified as yeasts, and only to these when they are 
mamtamed under constant conditions and not studied too closely 
Kohl (1908) begms his book, “Die Hefepilze”, with the statement 
that “Die Hefepilze umfassen die Sprosshefen, die Spalthefen 
imd Hefeahnhche Pilze” The “Sprosshefen” are the common 
umcellular yeasts which multiply by buddmg, the “Spalthefen” 
are a series of tropical yeasts, producmg alcohohc fermentation 
and forming multiple endogenous spores hke the buddmg yeasts, 
but which multiply by bmary transverse fission, and the 
“Hefeahnhche Pilze” are fungi which regularly and obviously 
produce true mycehum (i e , they are not strictly umcellular) 
but m which a umcellular yeast-hke growth form is usually 
dommant One might with reason exclude this last group, and 
define yeasts as umcellular fungi, if it were not for the fact that 
a number of yeasts normally umcellular have been found to give 
nse to mycehum m certam media, or to give rise to vanants that 
permanently produce mycehum m all media Even the common 
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industrial yeast, Saccharomyces cerevtsiae, the type organism about 
which our conception of the category “yeast’ ' has grown, will 
often produce a fnnge of true mycehum burrowmg into the agar 
at the edge of giant colomes 4 to 6 months old Yeasts, then, 
are not exclusively umcellular, nor do they multiply exclusively 
by buddmg The closest one may come to a satisfactory defim- 
tion IS to state that they are fungi with nuclei m which the usual 
and dommant growth-form is umcellular 

While the central concept of this category is clear, to anyone 
who will study large numbers of yeasts and yeast-hke fungi, it 
must become obvious that this group of microorganisms shades 
off by such shght transitions mto various groups of higher fungi 
that they cannot be considered a natural phylogenetic group 
And while it is equally clear that the bulk of the organisms which 
we call yeasts are lower Ascomycetes or imperfect forms of these, 
it IS by no means certain that all of them are, there is strong 
evidence that some of them are Basidiomycetes It is well 
to keep m mmd, therefore, that the term “yeast” does not have 
the precise botamcal significance that such terms as “mushroom” 
or “moss” or “fern” have 

The true relationships of the yeasts must be denved, as with 
other fungi, from a study of their sexual reproduction Such a 
study also mvolves cytology and genetics, which m turn have 
an important beanng upon the problems of variation that must 
be considered m any discussion of taxonomy Our knowledge 
of the c 3 d;ology and sexual reproduction of the yeasts we owe 
very largely to GuiUiermond, though m recent years important 
knowledge has been contnbuted by others, notably Winge and 
Laustsen It will not be necessary to review all of this work m 
detail, because this has recently been done by Gmlhermond 
(1940) 


GENETICS OP YEASTS 

Sexual reproduction m yeasts was first clearly recogmzed by 
Gmlhermond m 1902 m Sdmosaccharcnnyces and by Barker m 
Zygosaccharomyces These observations were amply confirmed, 
and in addition, heterogamic conjugation between cells differ- 
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entiated by size was observed m various budding yeasts, notably 
members of the genera Debaryomyces and Nadsonia These 
studies left no doubt that some of the umcellular fungi which 
we call yeasts exhibit sexual reproduction and that the sexual 
spores are ascospores 

In a large number of yeasts, especially those of mdustnal im- 
portance, however, spores are formed without any trace of con- 
jugation precedmg spore-formation, and these yeasts have until 
very recently been considered to be parthenogenetic, i e , devoid 
of sexuahty Smce m yeasts which reproduce sexually, Gmlher- 
mond had observed some cells formmg fusion tubes which failed 
to fuse, such cells proceedmg to form spores parthenogenetically, 
and m other cases he observed many cells fo rmin g fusion-tubes 
without actual fusion takmg place, he postulated that sexuahty 
m yeasts is undergomg a retrograde evolution m which the vanous 
steps are Conjugation Fusion tubes without conjugation 
Parthenogenesis One might well extend this concept to 
mclude as the last stage the complete loss of the power to form 
spores The asporogenous or imperfect yeasts would thus repre- 
sent the end of this evolutionary senes 

GuiUiermond descnbed an additional type of sexuahty m 
Saccharomycodes Ludvngti observed by Hansen as early as 1893 
This yeast forms usually four spores without previous conjugation 
On germmation, however, the spores conjugate withm the mother 
cell, two by two, so that only two vegetative cells emerge from 
each ascus contaimng four spores This process Guilhermond 
designated parthenogamy, and he considered it as further evidence 
of degradation m sexuahty, placmg this process just ahead of 
parthenogenesis m the retrograde evolution 

GuiUiermond’s observations and theones have been accepted 
generally by those workmg with yeasts Beg inmn g m 1935, 
however, a senes of papers by Wmge, and by Wmge and Laustsen 
have extended greatly our knowledge of sexuahty m the yeasts, 
and have presented facts of wide significance and importance 
Bnefly, they have shown that the process which Guilhermond 
called parthenogamy (^ e , conjugation of spores, or of cells denved 
from spores) occurs m the mdustnal yeasts of the genus Sac- 
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charomyces, as well as in Saccharomy codes, and that it is doubtful 
that any of the spore-forming yeasts are entirely parthenogenetic 
The vegetative cells of such yeasts are normally diploid, but 
haploid cells may be derived from smgle spores, and such haploid 
cells from different races may be caused to fuse and give nse to 
hybrids 

Wmge (1935) described the germmation of spores of Saccharo- 
myces cerevisiae (race Johanmsberg 11, varieties ellipsoideus and 
mardiahanus) and of Saccharomyces vahdus In all of them 
spores were found to fuse by pairs on germination, but not all 
of the spores fused Spores which germinated without fusion 
gave nse to small cells tendmg toward a globular form, whereas 
fused spores produced larger elongated cells The small globular 
cells were recognized as haploid, the larger elongated ones as 
diploid Haploid vegetative cells derived from a smgle spore 
often fuse with other haploid vegetative cells to produce a large 
diploid cell Cytological studies showed that the fusion of spores 
or of haploid vegetative cells was followed by nuclear fusion 
“A stnkmg feature is the absence of an established system govern- 
mg the zygote formation Sometimes two spores umte to form 
a zygote before or after they have germmated smgly, sometimes 
a spore mutes with a haploid vegetative cell, or two vegetative 
cells conjugate, and they may be sister-cells, or mother-cell and 
daughter-cell, or more distantly related cells ” 

These observations mdicate that with regard to sexual behavior, 
yeasts may be divided mto two great classes In one (the genera 
Schtzosaccharomyces, Zygosaccharomyces, Zygopichm, Debaryo- 
myces, Nadsonm, Nematospora) the vegetative cells are haplotd 
The diploid phase extends only through the short penod follow- 
mg nuclear fusion This is immediately followed by meiosis, 
the spores bemg haploid, and givmg nse to haploid vegetative 
cells on germination In the other group {Saccharomyces, Sac- 
charomycodes, Hansenvla) the vegetative cells are diploid Meio- 
sis occurs durmg spore formation, and the spores are haploid 
These may give nse to haploid vegetative cells, but the latter 
are small and not vigorous The spores, or vegetative cells denved 
from them, fuse to give nse to the diploid form producmg large 
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and vigorous cells Guilliennond (1940) applied the term “hap- 
lobiontic” to those yeasts whose vegetative cells are normally 
haploid, and "diplobiontic” to those whose vegetative cells are 
normally diploid, but a note by B 0 Dodge appended to Gmlher- 
mond’s article pomts out that these terms have been used m a 
different sense 

Wmge and Laustsen (1937) developed a nucromampulative 
techmque by which the four spores of an ascus could be separated, 
isolated, and studied m pure form Workmg with a culture 
derived from a smgle cell isolated from a stram of Saccharomyces 
cerevisiae used m commercial pressed yeast manufacture, they 
found that sometimes a single spore gave nse to a pure haploid 
culture, but m other cases the cells denved from the smgle spore 
were diploid from the begmnmg They explam the latter cases 
by assuming that an mtracellular nuclear fusion takes place im- 
mediately followmg the first division of the spore nucleus Dip- 
loid cells denved from a smgle spore readily formed spores when 
transferred to a smtable substrate Haploid cells denved from 
a smgle spore either failed to form spores at all, or did so only 
after fusion had taken place between two vegetative cells Thus 
a haploid race denved from a smgle spore may behave either 
hke Zygosaccharomyces, t e , a yeast of the type which Guilher- 
mond designates "haplobiontic”, or hke an asporogenous yeast 
of the genus Tondopsis Smce yeasts of the latter type are usu- 
ally small globular forms, it was natural to assume that such 
yeasts nught be haploid and self-mcompatible, and that if they 
were brought mto cultures of other races or species, diploidiza- 
tion and spore formation might occur Accordmgly they tested 
the species of Torvlopsts m the Carlsberg collection, but m no 
case did spore formation occur Nevertheless, m the opmion 
of the reviewer, this still remains an attractive field for mves- 
tigation 

Wmge and Laustsen (1937), discussmg the occurrence of genetic 
segregation m the ascus, pomt out that since the vegetative cells 
of Saccharomyces species are normally diploid, a smgle-cell culture 
of one of these yeasts will not be necessanly a "pure” culture, 
smce m spore formation segregation of new types may occur. 
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and spore formation may be easily overlooked That such segre- 
gations actually occur was observed repeatedly when giant 
colomes were started from each of the four spores of an ascus 
These differed m contour and texture The parent culture was 
therefore hetero 2 ygous That cultures from isolated spores were 
homozygous was shown by producmg new giant colomes from 
spores produced from a smgle spore culture These "bred true” 
Obviously, to study mutations m these yeasts it would be better 
to have a smgle-spore culture than a smgle-cell culture 
A third paper (Wmge and Laustsen, 1938) is not available to 
the reviewer but has been abstracted briefly m the fourth paper 
(1939a) The authors state that they showed "how hybndiza- 
tion of different yeasts is arranged by placmg m a droplet of 
culture solution two (haploid) spores of different species so as to 
enable them to copulate, for min g a (diploid) zygote from which 
the hybrid yeast germinates ” Moreover, this procedure now 
makes it possible to undertake rational breedmg work with 
yeasts, and possibly to produce new yeasts of commercial value 
Winge and Laustsen (1939a) then proceeded with such breedmg 
experiments Smgle spores were isolated from several strains of 
Saccharomyces cerevisiae, and from S itahcus, S vahdus, S 
mandshuncus and Zygosaccharomyces pnonanits These spores 
were brought together m pairs and when conjugation had been 
observed to take place, subcultures were made and various char- 
acters, particularly giant colomes, were observed Giant colomes 
of 14 new hybrids differed m texture and contour from both of 
the parent types The hybrids were also compared with the 
parental types as regards their abihty to ferment sugars In all 
cases, abihty to ferment was a dominant character, if one of the 
parent tj^pes fermented sucrose, for instance, and the other not, 
the hybrid mvanably fermented sucrose 
Crosses were obtamed not only between different races of 
Saccharomyces cerevisiae, but also between different species of 
Saccharomyces, and m one instance an mtergeneric hybrid {Zygo- 
saccharomyces pnonaniLs x Saccharomyces cerevisiae Rasse II) 
was obtamed The relation of such mter-fertihty to problems 
of taxonomy is discussed When the spores of the parental 
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types were tested, 43 to 90 per cent of them were capable of 
germination Spores derived from hybrids fell mto two groups, 
one showmg germination of 0 to 13 per cent of the spores, the 
other 50 to 94 per cent The latter are considered to be examples 
of mtraspecific hybrids, the former of mterspecific hybnds 
Hybrids between two species may be propagated by buddmg, but 
tend toward stenhty m sexual reproduction This provides a 
method for testmg specific relationships In all cases where the 
parent types differed m fermentation characters, the hybnds 
showed reduced germination of the spores Strains showmg the 
same fermentation characters are not necessarily specifically 
identical, one cross between two yeasts givmg identical fermenta- 
tions 3 aelded hybnds with very poor spore germmation 

The use of these facts m breedmg and selectmg better mdustnal 
yeasts is pomted out by the authors They foimd that a typical 
top yeast may segregate out a typical bottom yeast through its 
spores, and concluded that there is no defimte hne of demarcation 
between these two types of brewmg yeasts One of their hybrids 
proved to be supenor m compressed yeast manufacture 
Saccharomycodes hudvngii is an mterestmg yeast whose four 
spores occur m two pans, often the two spores m each pair at- 
tached, and whose spores fuse m germmation Wmge and 
Laustsen (1939b) reported on genetic studies with this yeast 
When the four spores are isolated, and forced to germinate without 
fusmg, they show differences m growth Some spores yield small, 
globular buds, others long cyhndncal ones In some cases growth 
contmues normally, m others growth ceases after a very small 
number of buds have formed These characters depend upon 
the Mendehan segregation of two pairs of genes Gene N gives 
nse to normal growth, while n causes a cessation after a smgle 
short hypha has formed, gene L produces long cylmdncal cells, 

I short globular ones These characters may be segregated as 
Nl and nL, and this is a matter of chance But m each pair of 
spores m an ascus, one has one set of genes and the other the other , 
either Nl and nL, or NL and nl 

If the isolated spore is capable of growth, (i e , if it contains N 
and not n) it will grow contmuously as a haploid yeast , it never 
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diploidizes and therefore never forms spores Spores havmg the 
formula NL give rose to elongated cells which form giant colomes 
“characteristically scaly or rather lobed, under the lens tufty ” 
Spores havmg the formula Nl give rise to smooth colomes 
Colomes derived from diploid cells {Nn LI) are characteristically 
rough Consequently the rough or lobed colony character is 
dominant The authors also obtamed a mutant which produced 
a new race havmg the formula NNLl, m which each of the four 
spores gives rise to contmuous growth 

CYTOLOGY OF YEASTS 

The researches of Wmge and Laustsen mdicate that yeasts 
behave hke higher organisms with regard to the transmission of 
hereditary characters m sexual reproduction, and this observa- 
tion naturally gives rise to renewed mterest m the cytology of 
yeasts, especially m the behavior of the nucleus durmg vegetative 
and sexual reproduction Bactenologists have been mterested 
m the nuclei of yeasts because these microbes have seemed to be 
the next step above the bacteria m scale of size and complexity, 
and it has seemed that methods which would certainly demon- 
strate nuclei m yeasts might be apphcable to bacteria Yeast 
cells are usually packed with a variety of stamable granules or 
globules, and earher studies did not distmgiush these clearly It 
IS probable that Moeller m 1893 saw and photographed the 
true nucleus of yeasts, but the certam existence of a nucleus was 
not defimtely established until the researches of Guilhermond m 
1901 Earher hterature on the nuclei of yeasts has been reviewed 
extensively by Kohl (1908) and Guilhermond (1920) 

Yeasts, especially Saccharomyces cerevisiae, are rich m volutm 
partly deposited m granules m the cytoplasm and partly dissolved 
m the flmd of the vacuoles Early workers did not always dis- 
tmguish this material from the chromatm of the nucleus, smce 
both stam with the basic dyes In particular Wager (1898), one 
of whose drawings has been widely reproduced m textbooks, mis- 
took the vacuole and its granules for the nucleus, as was pomted 
out by Gmlhermond (1920) Although means for differentiating 
volutin from chromatm (vital st ainin g with neutral red, solubdity 
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in hot water) were available earher, the development of the 
Feulgen method for the microchemical demonstration of thymo- 
nucleic acid %n situ has provided a more certam method for this 
differentiation The apphcation of the Feulgen method has 
demonstrated the occurrence of thymonucleic acid m the nuclei 
of yeasts, and it is now certam that yeasts produce two nucleic 
acids “yeast” nucleic acid, abundant, probably identical with 
the volutm granules, and thymonucleic acid, scant, contamed 
m the nucleus 

Though Feulgen failed to obtam a positive “nuklealreaktion” 
m yeasts, Margolena (1932), and Pietschmann and Rippel (1932) 
obtamed positive reactions which were, however, so famt that a 
satisfactory microscopic picture was not obtamed Imsenecki 
(1936) obtamed a positive reaction with masses of yeast cells, 
but could not see the color m the mdividual yeast cells Rochhn 
(1933) on the other hand, obtamed a very defimte picture with 
Saccharomyces cerevisiae The Feulgen method gave an mtense 
and beautiful staming of the nucleus, no other structure was 
colored The nucleus, 0 8 to 13 fx, was vesicular, with the 
chromatm arranged as a crescent along one side A similar 
picture, with less shrinkage, was observed m shdes stamed with 
iron hematoxyhn Wmge (1935) states that Laustsen also de- 
veloped a modification of the Feulgen method which gave a better 
differentiation of the nuclei than is obtamed with hematoxyhn 
Badian (1937) used Rochhn’s techmque, and obtamed identical 
results, which also checked the results of his modified Giemsa 
stam 

Although it has long been certam that yeasts show smgle, dis- 
crete nuclei, it IS still not certam how these behave durmg buddmg 
or fission, conjugation and spore formation These nuclei are 
about 1 nm diameter, and m attemptmg to see what goes on m 
such a small body there is always a temptation to stram the 
resolvmg power of the microscope to the utmost It is my opinion 
that descriptions of details m morphologic structures less than 
1 /i m diameter should always be taken cum grano sahs It is 
to be hoped that the development of the electromc microscope 
will solve some of these riddles 

Earher mvestigators were about evenly divided between those 
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who saw only amitotic division of the nucleus, and those who 
pretended to observe the formation of chromosomes and division 
by karyokmesis, at least dunng spore formation This work 
has been reviewed by Badian (1937) Gmlhermond mamtamed 
until recently that division durmg budding is amitotic, but m 
1917 described a sort of mitosis m Schizosaccharomyces octosporus 
This yeast produces 4 or 8 ascospores followmg conjugation The 
nucleus of the zygote is large and vesicular, containing a nucleolus 
and several granules of chromatm On division, an achromatic 
spmdle is formed withm the nuclear membrane with the chromatm 
granules (very small) gathered as an equatorial plate m the center 
The nuclear membrane is absorbed, the chromatm granules move 
toward the two poles, the spmdle elongates, and the chromatm 
at the two poles gathers together to form the two daughter nuclei 
The nucleolus, left m the middle of the cell, disappears Second 
and third divisions take place m a similar manner, the daughter 
nuclei dividmg simultaneously The chromatm granules, con- 
sidered to be chromosomes, are too small to count The entire 
process is very difficult to demonstrate due to the small size of 
the nucleus Gmlhermond (1940) stated that he observed 
mitosis-hke features during buddmg m Saccharomyces paradoxus 

Kater (1927) ascribed the widespread acceptance of amitotic 
division as the normal process m buddmg to the difficulties en- 
countered m attemptmg to study nuclear division m such small 
organisms, and pomted out that the development of genetics 
makes it now impossible to accept amitotic division as a normal 
process He studied Saccharomyces cerevistae by fbong wet smears 
m Bourn’s fluid If these are stamed m iron hematoxyhn before 
all of the picnc acid has been washed out, the nuclear structures 
are revealed without mterference from the metachromatic mate- 
rial The restmg nucleus contains a nucleolus, with chromatm 
as granules at the periphery In buddmg, this chromatm becomes 
arranged upon hnin strands that form an achromatic spmdle, and 
becomes divided mto chromosomes, probably at least 8 m number 
Both the restmg nucleus and the mitotic figures resemble those 
of Phaseolus There is no descnption of the nucleus m 
sporulation 

Badian approached the study of nuclear phenomena m yeasts 
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following a senes of investigations, dating from 1930, on nuclei 
m bacteria, myxobactena, and actmomycetes In these primitive 
organisms he claimed to observe free m the protoplasm rod-shaped 
chromosomes which divide longitudmally at cell division Fer- 
tihzation occurs by autogamy, the chromosomes fusmg to form 
bivalent chromosomes A return to the haploid phase is ac- 
complished by a reduction of the chromatm, part of the chromo- 
somes disappearing after two successive divisions of the bivalent 
chromosome These papers are quoted by Badian (1937) 

Badian studied the nuclei of Schizosaccharomyces pomb4, Sac- 
charomyces cerevisiae, Saccharomycodes Ludvngii, and Rhodotonda 
gliUims Wet smears were fixed m osmic acid vapor and stamed 
by a modified Giemsa method, or by the Feulgen method ac- 
cordmg to Rochhn In Schzzosaccharomyces ponibi, the nucleus 
of the restmg cells is globular with the chromatm arranged as a 
crescent at one side In fission, this chromatm is arranged as two 
rod-shaped chromosomes, which divide transversely to form 
four, two moving to each pole of the cell, after this a cross-wall 
IS formed, and the two chromosomes m each cell fuse to form a 
globular nucleus In fertilization, the chromatm m each of the 
cells about to fuse also appears as two rod-shaped chromosomes 
Upon fusion their chromosomes jom at the ends, to form two long 
(bivalent) chromosomes These become shorter and fatter, and 
occupy a position m the center of the cell at nght angles to its 
long axis These now divide longitudmally to form four, and one 
pair passes to each end of the zygote, where they divide again 
(transversely) to form now four pairs of chromosomes, each parr 
becoming a spore nucleus In some cases some of the spore 
nuclei degenerate, so that the number of spores may be less 
than four 

In S cerevisiae, the restmg nucleus appears the same as m the 
precedmg yeast, and forms two chromosomes The division of 
the nucleus may precede the appearance of a bud, and takes place 
m the nuddle of the mother-ceU The two chromosomes divide 
longitudmally and one pair passes to the bud where they become 
transformed mto a new restmg nucleus In spore formation, the 
pair of chromosomes undergoes two divisions, yieldmg four pairs 
of chromosomes, each pair forming a spore nucleus Agam, some 
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chromosomes may degenerate without formmg spores In spore 
germination, the spores fuse and immediately the zygote com- 
mences to bud In the fused spores the two pairs of chromosomes 
fuse end-to-end, then divide longitudmally, one of the two pairs 
thus formed passmg mto the bud 

The vegetative division of the nuclei m Saccharomycodes Lud- 
vngit and Rh^doiorula gVutims proceeds m the same manner as m 
S cerevistae 

Badian pomts out the similarity between nuclear division as 
he observed it m the yeasts, and the same process observed m 
higher fungi, and also as he observed it m bacteria It is difficult 
to evaluate Badian’s work without repeatmg it, and it mvolves 
a dehcate and painstakmg staimng method One’s first reaction 
IS that he has seen more than the microscope will reveal m such 
minute bodies as bactena and yeasts Guilhermond (1940) 
states that “His figures, however, are too diagrammatic to be 
taken mto consideration, they fit neither with our nor with his 
own photomicrographs ” This criticism is largely true, though 
several of Badian’s photomicrographs clearly show paired bodies 
similar to the chromosomes he descnbes At any rate, Badian’s 
observations are so str ikin g and important that they deserve 
senous consideration and careful repetition Certainly the two 
chromosomes described by him are more defimte than the vague 
accumulations of mmute chromatm granules described by Guilher- 
mond The occurrence of bivalent chromosomes rather than a 
doubhng of the chromosomes m the diploid phase is noteworthy 

Renaud (1938), with Saccharomyces eUipsotdeiis fixed m 
Bourn’s flmd and stamed with iron hematoxyhn, reported that m 
buddmg, a centrosome appears on the surface of the nucleus facing 
the bud This divides, and one part enters the bud The mem- 
brane dissolves, an achromatic spmdle is formed, and the 
chromatm becomes arranged m chromosomes that form two 
masses m the middle of the spmdle The number of chromosomes 
could not be counted because of then- small size, but Renaud 
beheves that there are more than four He states that rmtosis 
IS similar to that observed m higher Basidiomycetes, and much 
more complex than the process described by Badian 

Richards (1938) attacked the problem of rmtosis m yeasts by 
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the use of colchicine, which is known to arrest mitosis m the 
metaphase with higher organisms He beheved that if yeast 
nuclei divide by mitosis, the addition of colchicme to the medium 
should retard growth, and the chances of findin g cells m mitosis 
would be mcreased Instead, colchicme stimulated growth and 
no chromosomes were found m preparations stamed with iron 
hematoxyhn, by the Feulgen method, or examined by ultra- 
violet microscopy 

Winge and Laustsen have not described m any detail cytologic 
studies to accompany the genetic studies which they have pub- 
lished, though they promise such a paper m the future Wmge 
(1935) described and illustrated uneqmvocally the nuclei and 
their fusion m the zygotes of Saccharomyces elhpsotdeus (stram 
Johannisberg 11) In the higher Ascomycetes and Basidio- 
mycetes a characteristic feature is a delay between cell fusion 
and nuclear fusion, the zygote givmg rise to bmucleate mycehum 
Ginlhermond (1940) claims that yeasts show a tendency m this 
direction In S paradoxus, the nuclei of the zygote may fail to 
fuse, but show “conjugate division,” the two nuclei dividmg 
simultaneously to provide two nuclei for the first bud, m which 
they fuse Renaud (1938) observed the same thmg m a stram 
of S elhpsoideus, two or three buddmgs with conjugate mitosis 
precedmg fusion of the nucleus 

We may summanze the newer developments m the cytology of 
yeasts by statmg that there can no longer remam any doubt 
that they possess single discrete nuclei There can remam a 
legitimate doubt regardmg the method of nuclear division, but the 
balance of evidence favors the conclusion that both m budding 
and spore formation the nucleus divides by rmtosis as m higher 
org anis ms This is supported especially by the papers of Winge 
and Laustsen which show that m genetic behavior the yeasts 
behave precisely hke higher organisms, and must depend, there- 
fore, upon a chromosomal apparatus In one case (Winge and 
Laustsen, 1939b) they were able to show by segregations m the 
spores of Saccharomycodes Lvdvngii m which planes the nuclei 
divided, and m which divisions the characters were segregated 
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VAEIATIONS m YEASTS 

In addition to the investigations of Winge and Laustsen on the 
genetics of yeasts, there have appeared during the last decade a 
number of papers on the occurrence of spontaneous and mduced 
variations m yeasts and yeast-hke fungi Scattered earher 
observations had mdicated that such variations do occur, par- 
ticularly the development of mycehal races from normally umcel- 
lular yeasts, and of asporogenous races from normally spore- 
formmg yeasts Much of the more recent work has been done 
by Nadson and his associates m Lenmgrad, and smce many of the 
pubhcations are m Russian, they have been available to me only 
as abstracts and quotations While some purely spontaneous 
variations have been observed, most of the observations have 
concerned variations mduced by exposure of the yeasts to m- 
]unous agents, — chloroform, cyamde, hthium chlonde, immune 
serum, x-rays, and radium emanation Some of the vanants have 
been relatively stable for a tune, but have eventually reverted, 
these Nadson designates "dauermodifikationen ” Others have 
remamed permanent, and these he designates as “saltants ” 
It IS noteworthy that Nadson recorded the production of vanants 
m lower fungi under the influence of x-rays previous to the pubhca- 
tion of Muller’s frmtful researches upon x-ray mutants of 
Drosophila 

Nadson and Phihppov (1928) exposed a “rose yeast” to x-rays 
Subcultures plated from the exposed cells showed sector mutants 
m the colomes In the original culture the colomes were smooth 
to mucoid, the cells round, encapsulated, and filled with fat A 
variant was obtamed which showed the same color, but the 
growth was dry, the surface matted and folded The cells were 
cyhndrical with httle oil and no capsules, and they reproduced 
by exogenous spores borne upon stengmata, precisely as m the 
yeast Sporobolomyces roseus, previously descnbed by Eluyver 
and van Niel A second variant was similar, but the color was 
hght orange rather than rose These vanants remamed stable 
over three years (80 culture generations) and could not be caused 
to revert by renewed exposure to x-rays They note also the 
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development of asporogenous races from the sporogenous yeast 
Nadsoma fvlvescens under the mfluence of x-rays 

Derx (1930) observed spontaneous vanations m yeasts of this 
same group When freshly isolated from nature (leaves of plants) 
species of Sporoholomyces grow as pink mucilagmous colomes On 
these colomes, firm rough secondary colomes may appear The 
mucilagmous colomes show only buddmg globular or oval cells, 
the secondary colomes show elongated cells or mycehum, and form 
the characteristic sporoholomyces type of spore, which give the 
surface of the colony its powdery appearance By repeated re- 
moculation of these spores there may be obtamed a race purely 
rough and sporulatmg, without any mucilagmous stage The 
same transformation was observed m hqmdmedm, the rough spor- 
ulatmg type appealing as a pelhcle If cultures are transferred 
at frequent mtervals usmg the vegetative cells rather than spores, 
a reversion of the rough form to the mucilagmous type may be 
obtamed Derx also records another type of vanation m Sporo- 
holomyces, a sudden appearance of a smgle white colony among 
many (normal) pigmented ones This mutant was identical 
with the parent type m all characters save for the lack of pigment, 
and the vanation was permanent 

Nadson and Krassilnikov (1932) recorded spontaneous varia- 
tions which occurred over a penod of three years m a yeast-hke 
fungus, GuiUiermondeUa selenospora, belonging to the Endo- 
mycetaceae Five races emerged One was characterized by 
abundant typical mycehum and parthenogenetic asci A second 
showed poorly developed mycehum and many yeast-hke cells, 
with spore formation preceded by conjugation A third showed 
pnckly mycehum and no spores A fourth juelded colomes with 
tufts of mycehum on the surface and showed no spores The 
fifth was entirely yeast-hke with no mycehum, and showed con- 
jugation between the bud and mother-cell This last race also 
differed from the parent fungus by its abihty to ferment maimose, 
glucose, and fructose 

Phihppov (1932) studied the mfluence of x-rays upon the red 
yeast, Rhodotonda glviinis New races were obtamed which 
differed m the fat content of the cells, the character of the bud- 
dmg, the production of gum, and pigmentation 



THE YEASTS 


113 


Punkan and Henrici (1933) descnbed spontaneous vanations 
m an asporogenous yeast, Tondopsis pxdchernma This was an 
old laboratory culture onguially isolated by Grosbusch, which 
had become unstable Variants appeared as sectors or as second- 
ary colomes in giant colomes, and resulted from agmg of the 
colomes, or spontaneously Variations m color (red and white) 
and m texture (smooth and rough) were observed to occur m- 
dependently Roughness was associated with the development 
of mycehum m both red and white variants The authors em- 
phasized that these vanations occurred m a yeast which had 
never formed spores, and compared them m significance to the 
vanations occumng m haploid cultures of smut spondia descnbed 
by Christensen The later researches of Wmge and Laustsen 
support the view that asporogenous yeasts may be haploid and 
self-infertile Such vanations then must be regarded as muta- 
tional and not the result of segregation or of hybndization In 
a second paper (Punkan and Hennci, 1935) further observations 
of the same yeast are recorded It was noted that white vanants 
from the ongmal red yeast are much more stable than the parent 
stock, that white vanants arise from red usually as sectors, 
1 e , at the edge of the growmg colony , while m those rare cases 
where white reverted to red, this occurred as secondary colomes 
m the center of the colony The contention that the vanations 
were mdependent of any sexual process is not certain m view 
of the later observation by Windisch (1938) that Tonilopsis 
pulchemma does form ascospores by isogamous conjugation 
Spore formation occurred m the presence of a species of 
Pemcilhum, and m very old agar cultures dned to such a degree 
that the growth adhered to the agar 
Nadson and Rochhn (1933) reported upon vanations induced 
by exposmg cells of S ceremstae to radium emanation (radon) 
This was applied m glass capdlanes m doses of 19 6 to 23 3 milh- 
cunes, placed m bottles conta inin g 10 ml of beer wort The 
capillary was then crushed, and the hquid moculated with the 
yeast After 24 to 48 hours the cultures were plated on wort 
agar, and the resultmg colomes compared with control colomes 
from cultures m wort without radon From the normally smooth 
type parent stram, two rough vanants were obtained, one with 
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small globular cells, the other with large cyhndrical cells, re- 
semblmg species of Torulopsis and of Mycoderma respectively 
Another variant wsis charactenzed by abundant spore formation, 
producmg spores readily m beer-wort, which the parent strain 
would not do On re-exposmg this sporulatmg variant to the 
radon, a new type with restricted rugose colomes and distorted 
cells was obtamed The sporulatmg race is considered a “dauer- 
mochfikation,” but the other three variants, irreversible m many 
generations, are considered “saltants,” the eqmvalent of “mu- 
tants” m higher organisms These new races differed quanti- 
tatively m abihty to ferment sugars, and m volume of crop 
One was an improvement over the parent strain m producmg 
more alcohol, a larger crop, and m settlmg more qmckly 

Meissel (1933) reported on variants of S cerevisiae induced by 
the action of potassium cyamde The yeast is relatively resistant 
to this poison, survivmg an exposure of 24 hours to a 5 per cent 
solution Plates made from suspensions so treated yielded a 
great variety of variants, both morphological and physiological, 
40 m all, some of which reverted after a time, others appeared to 
be permanent Rugose colomes m some cases showed globular 
cells, m other cases elongated cells Variants re-exposed to 
KCN imderwent renewed vanations A noteworthy feature was 
the development of vanants which, after growmg for a time, 
underwent spontaneous autolysis accompanied by a dark brown 
discoloration of the colony From these autolyzed areas second- 
ary colomes sometimes grew, which showed new variations 
These autolytic vanants may be related to the lethal variants 
noted by later authors 

Krassilnikov (1934) observed spontaneous variations m S 
ceremstae These developed m old (1^ to 2 months) cultures 
Some 25 new races were obtamed, divided into five groups differ- 
mg from the parent culture m stabfiity, m cell form, in colony 
form, and m physiological characters A noteworthy variant 
was a “lethal” form, with brown colomes and reduced resistance 
to unfavorable influences, a tendency to die if not frequently 
transplanted Variants also appeared in 10 to 12 days m cultures 
grown at high (37°) temperature, appearing either as sectors or 
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as secondary colonies These resembled the variants obtamed 
spontaneously by growth at a lower temperature over a longer 
period of time 

Eochlma (1934) obtamed variants of S ceremsiae through the 
action of radium Wort agar was thickly seeded with the yeast, 
and poured mto Petri plates with a capillary tube of radium m 
the center Immediately about the tube there was no growth, 
but m the inhibitory zone, some colomes appeared which were 
vanants Among these was a stable asporogenous race with 
ameboid cells, cells with numerous projections which are con- 
sidered to be undeveloped buds with thm walls Colomes were 
rough and cells showed c 3 diological differences from the par- 
ent type 

Fabian and McCullough (1934) reported on mduced variations 
m yeasts, m this report, obviously, they were influenced greatly 
by the work of Hadley and others on dissociation m bacteria 
They worked with S cereirmae (strains Saaz and Frohberg), 
Hansenula anomala, and Zygosacckaromyces mandshuncus Van- 
ations mduced by agmg or by serial transfers m broth contammg 
hthium chlonde, broth containing bnlhant green and picnc acid, 
broth containing alcohol, or by desiccation on gypsum blocks or 
by growth at different temperatures produced three mam types 
the S or smooth form, with globular cells and smooth colomes, 
the R or rough form with elongated cells and rugose colomes, 
and the G or gomdial form, with small bactena-hke colomes 
Growth m hthium chlonde and bnlhant green broths gave nse to 
both R and G forms Desiccation on gypsum blocks gave nse 
to G forms but no R forms The production of G forms was 
stimulated by growth m broth contammg alcohol 

R forms m general showed the same biochemical characters as 
the S forms from which they were derived, but produced pelhcles 
on hqmd media The G forms, however, differed markedly, 
faihng entirely to produce alcohohc fermentation, but producmg 
acid without gas from some sugars 

R and G forms reverted to the S forms on repeated transfers 
m malt extract broth G forms were said to arise from both S 
and R forms, either by a gradual shrinkage m the size of the cells. 
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or suddenly by the production of multiple small buds A transi- 
tional, or T form, is also described as precedmg the appearance 
of G forms The reversion of G forms to S occurred suddenly 
without any transitions 

The G forms described and illustrated by Fabian and 
McCullough are obviously bacteria, and it is difficult for the re- 
viewer not to beheve that they are bacteria which have con- 
taminated the cultures rather than offsprmg of the yeasts There 
IS further evidence of contamination m experiments reported by 
these authors Thus the G forms of the Saaz yeast are described 
as changmg to a pink mucoid yeast, obviously Rhodotonda gluhms, 
and to an R form with black wrinkled colomes, obviously Manilla 
nigra, two of the common air contammants which appear fre- 
quently on yeast media Though the uncntical character of the 
work makes it difficult to evaluate, the R forms descnbed have 
been observed repeatedly by others 

The experiments of Nadson and his coworkers were contmued 
with Zygosaccharomyces mandshuncus by Olenov (1935) He 
retamed the radon m capillary tubes which were placed upon the 
surface of agar plates seeded with the yeast, only the beta and 
gamma rays were used After 1 to 4 days the radon tube was 
removed Each colony which developed was exammed micro- 
scopically and grossly, and an approximately equal number of 
control colomes (not exposed to radon) were similarly exanuned 
This yeast proved more stable under radon treatment than did 
the one studied by Nadson and Rochhn, and smgle exposures 
gave rise to only shght variations By exposing such variants 
agam to radon, new variants were produced, and after 4 such 
re-exposures, 15 new races were obtamed It is noted that this 
amount of exposure would be lethal if continuous In three m- 
stances new variants developed spontaneously m subcultures 
from races previously exposed to radon, but no variants de- 
veloped spontaneously m the parent stram which had never been 
exposed to radon The variants differed from the parent race 
m many characters which varied mdependently The parent 
type gave smooth giant colomes, while giant colomes of most 
of the vanants were rough Cell forms varied from globular to 
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cybndncal, m one case irregular or ameba-like cells WMe spore 
formation m the parent race was preceded by isogamous conjuga- 
tion, m some of the variants it was parthenogenetic, and others 
were asporogenous. Though the parent stram fermented only 
glucose, twelve of the vanants fermented galactose, sucrose and 
maltose as well 

In further studies (Olenov, 1936) it was shown that one of the 
mduced vanants, asporogenous and capable of fermenting mal- 
tose, was more successful than, and would crowd out, the parent 
race m beer wort This was attributed to the abihty of the new 
race to ferment maltose, but it was found capable of overgrowmg 
the parent race m other media Thus the author claims to have 
earned out a degree of experimental evolution, mvolvmg the 
development of new races by mduced mutation, the adaptation 
of one of these to, and its selection by, the envuonment 
(beer wort) 

Wickerham and Fabian (1936) desenbed differences m the 
morphology of the S forms, and of R forms mduced by cultivation 
m media containmg hthium chlonde They worked with S(K- 
charomyces acenssacchan Fabian and Hall, and with Pichta 
alcoholophzla The cells of the R forms were charactenzed by 
elongated form, abimdance of large oil drops and larger vacuoles 
Both cells and colomes were larger than m the S forms In 
cultures of the R form, daughter cells separate immediately, 
while they tend to remam attached to the mother cells m the S 
cultures The R cells tend to float to the top of the hqmd media, 
S cells tend to smk 

Nadson (1937) presented generahzations drawn from the 
previous papers by himself and his students It is noted that 
the effect of x-rays is not apparent immediately, and that varia- 
tions may not appear until subcultures of the exposed culture 
are studied Induced variations may or may not be hereditarily 
transmissible But it is noteworthy that temporary modifica- 
tions are of the same character as permanent ones, and whether 
they become hereditary or not depends largely upon the dosage of 
the mcitmg agent Certam observed variations are considered to 
be atavistic m character, for example the development of the 
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spore-fonrong Sporoholomyces from Torulopsis types No in- 
contestably progressive or evolutionary changes have been ob- 
served The age of the culture treated is of importance, young 
and old cultures are more likely to give rise to variants when 
exposed to radiation than are cultures of middle age, and old 
cultures are more likely to form variants than young ones There 
IS an optimal dosage of the mcitmg agent Both radiation and 
chemical agents mcite the development of vanations of the same 
character According to dosage such agents produce effects 
which may be mdicated by the range No effect — > Stimulation 
— > Depression Necrobiosis — > Death Variations may appear 

m cells exposed to the range, Stimulation — > Necrobiosis, which 
Nadson calls the “field of action ” From a smgle strain of 
S cerewstoe, stable races were obtamed which corresponded m 
morphology with seven other species The review concludes 
with a complete bibhography of the papers from Nadson’s labora- 
tory, only some of which have been cited here 
Throughout this senes of studies on genetics and vanation of 
the yeasts there runs a common thread Whether ansmg by 
genetic segregation or by hybndization, whether by spontaneous 
or mduced mutation, or by unknown mechanism, there is a 
tendency for the normally globular yeast with smooth colomes 
to give rise to forms with cyhndncal or sausage-shaped cells, 
then to pseudo-mycehum, and finally to true mycehum, ac- 
compamed by mcreasmg roughness of the colomes Other varia- 
tions are noted, — the loss of pigment, the “lethal” variants, and 
losses m fermentative powers and spore formation noted by 
various workers — but these characters all vary mdependently of 
the S-R transformation The S-R vanation m yeasts and yeast- 
like fungi shows such a close parallelism to this type of variation 
in bactena that one can hardly escape the conclusion that they 
are identical phenomena As with the bactena, the formation 
of rough vanants is prone to take place spontaneously m old 
laboratory strains, and may be mduced by such agents as hthium 
chlonde, immune serum, x-rays, and radium emanation The 
rough vanants of both groups of microbes are charactenzed by 
the tendency to form pelhcles on broth, to spontaneous agglutma- 
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tion or nonspecific agglutination by various agents, to a loss of 
pathogenicity But there are also morphological parallels The 
tendency of the cells of the rough forms of yeasts to become 
sausage-shaped has its parallel m the bacillary forms observed m 
the rough forms of the pneumococcus, for instance, or m the long 
filamentous cells found m rough colomes of the gram-negative 
bacilh The transformation of yeasts to mycelial fungi has its 
counterpart m the observation recorded by Novak and Hennci 
(1933) of a coccus transformed mto branched mycehum char- 
acteristic of actmomycetes One may find m earher hterature, 
notably m the work of Lieske (1921), a suggestion that umceUular 
bacteria bear a relation to the actmomycetes similar to that of 
the yeasts to the molds This is as yet rather vague and con- 
jectural, but it 18 obvious that it behooves the bacteriologist 
mterested m problems of c 3 i;ology, genetics and variation to 
follow the development of these fields m connection with the 
yeasts and lower fungi 

PHTLOGENY OP YEASTS 

As early as 1897 Schroter hadpomted out the sunilanty between 
the spore-fonmng yeasts and mycehal fungi of the family Endo- 
mycetaceae FoUowmg his earher studies of sexuahty m yeasts, 
Guilhermond m 1909 began to trace the ongm of the yeasts m 
the higher fungi, and subscnbed to the idea that they were de- 
rived from the Endomycetaceae, a family of primitive Ascomycetes 
which produce mycehum that may give nse to yeast-hke cells by 
budding or by fragmentation of the mycehum mto oidia, and 
which produce ascospores by isogamous conjugation of contiguous 
cells m the mycehum In the genus Endomycopsis yeast-hke 
cells are formed by buddmg, and it is a simple transition from 
such a fungus to buddmg yeasts of the genus Zygosaccharomyces, 
which form ascospores by isogamous conjugation but produce no 
mycehum In the genus Endomyces free cells are produced as 
oidia which multiply by fission, and agam it is a simple transition 
from such fungi to yeasts of the genus Schtzosaccharomyces 

The relationship of the ascospore-formmg yeasts to the Endo- 
mycetaceae IS so obvious that it has been accepted by all 
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mycologists, and the spore-formmg yeasts have been generally 
classified as a family, Sacckaromycetaceae, placed next to the 
Endomycetaceae m the order Plectascales, the two families differing 
only m the formation of mycehum But we have aheady seen 
how easy is the transformation from a umcellular yeast-type to 
a filamentous mold-type Stelhng-Dekker (1931) pomts out 
how difficult it often is to detenmne whether a given species is 
sufficiently mycelial to be placed m the Endomycetaceae rather 
than the Saccharomycetaceae, and that the same species has been 
placed m both famihes by different authors She considers that 
a separation of the families is unwarranted, and mcludes the 
ascospore-formmg yeasts m the family Endomycetaceae, of the 
order Plectascales of the Ascomycetes 

In his earher writmgs Guilhermond derived all of the yeasts 
from the Endomycetaceae through the process of retrograde evolu- 
tion m sexuahty With further development of knowledge of 
sexuahty m those yeasts whose spores conjugate on germination 
(“diplobiontic”) or whose sexuahty is manifested by a conjuga- 
tion of haploid buds denved directly from spores (“haplo-diplo- 
biontic”)j Guilhermond has developed a new concept of the 
phylogeny of yeasts mvolvmg two hnes of descent, the haplo- 
biontic yeasts which form spores followmg isogamous or hetero- 
gamous conjugation and denved from the Endomycetaceae of 
the order Plectascales, and the diplobiontic and haplo-diplobiontic 
yeasts denved from the Exoascales, especially through the 
genus Taphnna This double phylogeny would warrant a sharp 
separation of the spore-formmg yeasts mto two groups We 
will not attempt to review m detail the numerous papers m 
this field which have appeared from Gmlhermond’s laboratory 
smce 1931, the followmg statements bemg taken from his review 
(Guilhermond, 1940) 

In the Endomycetaceae, ascospores are formed by the conjuga- 
tion of two neighbonng cells m the filament of mycehum, which 
are haploid, the zygote gives nse to ascospores which are diploid 
These on germination give nse to mycehum, which m turn may 
give rise to yeast-like cells by buddmg or by fragmentation 
The mycelium and the yeast-hke cells are haploid In this family 
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Gmllieraiond places the yeasts which he calls haplobiontic (Schizo- 
sacckaromyces, Zygosmcharomyces, Zygopichia, Deharyomyces, 
Nadsoma, Nematospora) 

In the remaining genera the vegetative cell is diploid, only the 
spores bemg haploid m the “diplobiontic” Saccharomycodes 
Ludvngti, or the spores and the first few buds m the "haplo- 
diplobiontic” genera {Saccharomyces, Hansenvla) These Gml- 
hermond compares to fungi of the Exoascales, and particularly 
to the genus Taphnna, the hfe cycle of which was reported by 
Wieben (1927) In the parasitic fungi of this genus, the haploid 
ascospores give nse to haploid buddmg yeast-cells on germina- 
tion These soon conjugate, but the nuclei do not at once fuse, 
instead there is produced a bmucleate mycehum, as m higher 
Ascomycetes and Basidiomycetes Eventually the nuclei fuse 
to give nse to asci GuiUiermond considers this cycle to be 
similar to that of the diplobiontic yeasts, the diploid phase of the 
yeasts bemg represented by the bmucleate phase of Taphnna, 
instead of a 2n nucleus, there are two “n-chromosome” nuclei 
As was mentioned m a precedmg section, GuiUiermond and 
Renaud found some tendency toward a bmucleate stage m the 
hfe histones of some yeasts 

Guilhermond’s concept of the phylogeny of the yeasts would 
make the genera Saccharomyces and Zygosaccharomyces only 
distantly related, belongmg to separate orders of the Ascomycetes 
Stelhng-Dekker’s classification makes these two genera but sub- 
genera of a smgle genus, Saccharomyces, m the broader sense In 
this she IS foUowmg a suggestion of Klocker She justifies her 
arrangement on the ground that the Zygosaccharomyces species 
closely paraUel the Saccharomyces {sensu stnctu) species m physio- 
logical and other characters, that parthenogenesis is common m 
Zygosaccharomyces and conjugation is occasionally seen m yeasts 
placed m the genus Saccharomyces Winge and Laustsen (1937) 
also pomt out that “The circumstance that Saccharomyces may 
be cultivated m the haploid state even though it is mchned to 
revert to the diploid phase by zygote formation shows that there 
IS only a shght biological difference between Saccharomycetes 
m the strict sense of the term and Zygosaccharomycetes ” The 
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fact that these authors (1939) were able to obtain hybrids by 
crossing a species of Saccharomyces with a species of Zygosaccha- 
romyces indicates that these genera cannot be very distantly related 

Guilhermond (1940) further speculates upon a possible relation- 
ship between the yeasts and the smut fungi (U shlaginaJes) 
The latter, although Basidiomycetes rather than Ascomycetes, 
show similarities m their life history to the Exoascales such as 
Taphnna The smut spore may be considered to be homologous 
with the asci, contammg nuclei which fuse On germination 
the smut spore produces a short filament of mycehum which 
gives rise to large numbers of yeast-cells (spondia) which may 
multiply as such mdefimtely by buddmg Such smut spondia, 
isolated m pure culture, have often been mistaken for true yeasts 
Guilhermond compares the life cycles of various types of Ustd- 
aginales with the vanous groups of yeasts 

There is, however, better evidence that some yeasts are related 
to Basidiomycetes m a consideration of those belongmg to the 
genus Sporobolomyces, the nature of which was first clearly recog- 
nized by Kluyver and van Niel (1925) They are yeasts which 
produce a rose or salmon-colored pigment The colomes become 
powdery on the surface, and if colomes m this stage are mverted 
m position, a famt mirror image of the colomes appears on the hd 
of the Petri dish m which they are contamed This image is 
composed of spores which are forcibly discharged from the sur- 
face of the colony The vegatative cells are oval to cyhndncal 
m form and multiply by buddmg like other yeasts, and a pseudo- 
mycehum may be formed Cells on the surface of the colony 
give rise to fine stalks, or sterigmata, upon which the kidney or 
sickle-shaped spores are formed When mature these spores are 
discharged forcibly, the discharge bemg preceded by the appear- 
ance of a droplet of moisture The authors note that the shape, 
formation and mode of discharge are precisely as BuUer had 
previously described for mushrooms, and considered this evidence 
that yeasts of this group might be considered to be related to 
the Basidiomycetes 

This was rejected by Lohwag (1926) on the ground that a 
similar method of spore-discharge is observed m other fungi not 
related to the Basidiomycetes Lohwag stated that only a cyto- 
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logical study to determine whether the pretended basidiosporfe 
result from a fusion of two nuclei would establish the true nature 
of the spores Such cytological studies by Guilhennond (1927) 
revealed but one nucleus m the vegetative cells and the cells 
which give rise to the spores He concluded, therefore, that the 
spores are not basidiospores, but asexual comdia This argument 
was opposed by Kluyver and van Niel (1927) and Buller (1933), 
who pomt out that a failure of nuclear fusion does not exclude the 
possibihty that the spores of S-pordbolomyces are basidiospores 
because parthenogenetic basidiospores are known m higher 
Basidiomycetes, and because the ascospores of many yeasts are 
known to be parthenogenetic m ongm Buller, who had studied so 
carefully the mode of spore discharge m the mushrooms, was 
fully convmced that the spores of Spordbolomyces were typical 
basidiospores, and this position was also supported by Derx 

Derx (1930) found the natural habitat of these yeasts to be 
leaves and straw, and showed that when freshly isolated they 
give nse to colomes which are smooth and mucoid, spore-formation 
first appealing m secondary colomes, or m floating islands of 
growth upon hqmd media He discovered a new group of yeasts 
which discharge their spores, colorless or shghtly yellowish, and 
with globular or ovoid, symmetrical basidiospores, they are dis- 
charged by the same mechanism as m Spordbolomyces This 
yeast Derx placed m a new genus, BvUera (which, accordmg to 
Chfem and Verona (1938), should be spelled BvJlena, m order 
to conform with the International Botamcal Rules of Nomen- 
clature) 

Cifem and Redaelh (1935) considered the spores of Spordbolo- 
myces to be comdia rather than basidiospores, and placed these 
yeasts together with Nectaromyces Reukaufii m a family of comdia- 
forming yeasts, the Nectar omycetaceae Nectaromyces Reukaujh 
IS a peculiar yeast occurrmg m the nectar of flowers m groups of 
four cells m the form of a cross or an “aeroplane ” In cultures 
ordmary buddmg cells without spores are formed Nadson and 
Krassilnikov (1927) recorded a mutant which gave nse to 
mycehum that produced comdia On the basis of this smgle 
observation, Cifem and Redaelh proposed to umte this genus 
With Sporobolomyces It seems to the reviewer that this position 
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IS untenable, and that the genus Sporobolomyces represents a 
group of yeasts derived from the Basidiomycetes 
The phylogenetic relationships of the yeasts which form no 
spores cannot be determined with certamty, as with other im- 
perfect fungi It has been widely assumed m the past that all 
of them are Ascomycetes which have permanently lost the power 
to form ascospores Among the asporogenous yeasts, however, 
the group formmg rose, red or orange pigments show character- 
istics which separate them from the others These have been 
especially noted by Lodder (1934) who proposed to place them m 
a separate family, the Rho(htorulaceae We shall consider the 
characteristics of this family m a later section Nadson and 
Phihppov (1928) observed the origm of yeasts resembhng Sporo- 
holomyces species from asporogenous mucoid rose yeasts mdis- 
tmguishable from Rhodotorula species, and Derx (1930) observed 
the same sort of transformation to occur Lodder (1934) records 
that cultures of Sporobolomyces mamtamed m the type culture 
collection at Delft have irreversibly lost the power to form basidi- 
ospores and become mdistmguishable from the ordinary rose 
asporogenous yeasts These facts mdicate strongly that the 
common red yeasts are to be considered as imperfect forms of the 
basidiospore-formmg yeasts of the genus Sporobolomyces 
Umcellular growth forms appearmg either as buddmg yeast- 
hke cells or as oidia multiplymg by fission occur so frequently m 
the growth of many different species of fungi of all classes that it 
seems improbable that those which are permanently or domi- 
nantly umcellular, and which we call yeasts, can be phylogeneti- 
cally homogeneous Many species of the Mucorales give nse 
to buddmg yeast-hke cells when grown submerged m hquid 
media, and it is noteworthy that such species also produce an 
alcohohe fermentation Nevertheless there are no true yeasts 
known to show relationships to the Phycomycetes Many of 
the fungi pathogemc to man, as Blastomyces, Coccidtoides, Htsto- 
plasma, Sporoinchum, grow as yeast-hke umcellular fungi m the 
tissues, but grow as mycelial fungi m artificial cultures, unless 
(m some cases) they are cultured m the presence of blood or serum 
under reduced oxygen tension 
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The known yeasts appear to fall rather sharply mto two narrow 
and apparently monophyletic groups Those which produce 
carotmoid pigments fall either mto the basidiomycetous family of 
Sporobolomycetaceae or the imperfect family of Rhodotorulaceae 
Those without carotmoid pigments fall m the ascomycetous family 
of Endomycetaceae or the imperfect family of Tondopsidaceae 
The systematic relationships of the yeasts may be indicated 
by the foUowmg diagram 
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CIiASSIFICATION OF YEASTS 

The remainder of this review will deal with the classification and 
identification of yeasts, presentmg first an outhne of the systems 
of Stelhng-Dekker (1931) for the ascospore-formmg yeasts, and 
of Lodder (1934) for the asporogenous yeasts This will be 
followed by discussions of selected groups of yeasts m which 
important taxononuc work has been done durmg the past decade 
The review cannot be considered complete, smce the technological 
hterature has not been covered adequately Undoubtedly, m 
the hterature on dairy products, on silage, on foodstuffs, on the 
various fermentation mdustnes, there may be found important 
taxonomic data which the reviewer has overlooked Before 
considermg the classification and identification of yeasts it is 
necessary to take some note of the various characteristics of yeasts 
by which they are classified and identified, and of the techmcal 
procedures which must be used to demonstrate these char- 
acteristics 

Technical Procedures for the Identification of Yeasts 

The identification of yeasts mvolves a determination of both 
morphological and cultural characters Of the morphological 
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characters it is necessary to determine the relative size and shape 
of the vegetative cells, whether they multiply by fission or by 
buddmg, if by budding, whether buds are formed at any place 
on the cell (multipolar) or only at the ends of elongated cells 
(bipolar) , whether the buds are separated from the mother cell by 
abstnction or by the formation of a cross-wall followed by fission 
Further, it is necessary to determine whether the buds separate 
qmckly after they are formed, givmg nse to free cells or groups of 
only two or three, or whether they tend to remam attached form- 
mg clusters ("sprossverbande”) , rn the latter case the cells, if 
elongated, may give rise to a branched structure resembhng closely 
true mycelium (“sprossmyzel,” pseudomycehum) , m some cases 
true mycehum with cross-walls is formed With yeasts forming 
pseudo- or true mycehum, clusters of yeast-hke cells may arise 
by buddmg, usually at the nodes (“sprosskomdien,” “blasto- 
spores,” “appareil sponf^re”) 

Smce these vegetative characters do vary with the composition 
of the medium, it would be desirable if yeast workers would 
agree upon a standard reproducible medium upon which to grow 
yeasts for morphological descriptions The most widely used 
medium is beer wort, or beer wort agar This is not, however, a 
medium of standard composition, and not readily available to 
the laboratory which only occasionally works with yeasts Some 
workers have used hopped wort, others unhopped Workers m 
wmenes have used must (grape juice), or must agar, Japanese 
workers have used “Koji” preparations Stelhng-Dekker (1931) 
gives the foUowmg recipe for wort 1 kg of malt-meal (dned 
“Langmalz”) is added to 2 6 hters of tap water and heated to 
45 °C for three hoius with contmuous stirrmg, it is then heated 
to 60°C for an additional hour, filtered, and the filtrate heated 
to 120°C for 15 minutes m the autoclave The filtrate is brought 
to a concentration of 15° Ballmg, agam filtered, and finally 
stenhzed The Digestive Ferments Company markets de- 
hydrated wort agar which presumably IS fairly constant m composi- 
tion, but it IS, m my opuuon, too acid (pH 4 8) and when auto- 
claved, it IS hydrolyzed partially and forms a soft, mushy medium 
I have compared the morphology of a limited number of yeasts 
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on wort agar and on agar containing 5 per cent pure glucose and 
1 per cent Bacto peptone, and have found but slight differences 
The latter is a readily reproducible medium 

The development of mycehum or pseudomycelium depends 
upon many factors, but especially upon the age of the culture and 
the nutrient value of the medium Tahce (1930) has studied the 
conditions affectmg the formation of pseudomycehum m the 
Mycot<)rvloideae He recommended especially the use of a dilute 
potato infusion (20 grams potato pulp to 1 hter of water) Three 
successive transfers m this medium should be studied before a 
yeast is to be considered free of mycehum formation Lodder 
(1934) used this method, mcubating the cultures three weeks at 
25° Eivaher and Seydel (1932) described a method for shde 
cultures which was also used by Lodder The medium consisted 
of 2 per cent dextrose, 1 per cent peptone, 2 per cent agar 
Martm, Jones, Yao and Lee (1937) used corn-meal agar m shde 
cultures Soriano (1938) used thm blocks of agar on the under- 
side of covershps sealed over the depression of concave-ground 
shdes Some sort of shde culture is almost essential m clearly 
observmg the morphology of the Mycoiorulotdeae 

Benham (1931) found that corn-meal agar is an important 
medium m studymg the morphology of the Mycotoruloideae, 
especially for the development of the diagnostic chlamydospores 
of Candida albicans This medium is made of 62 5 grams of com 
meal heated m 1500 ml water at 60° for an hour, filtered, 19 grams 
agar added, the mixture steamed m the Arnold sterilizer 1^ hrs , 
filtered through cotton, tubed and autoclaved The reaction 
IS pH 6 to 7 

In addition to the morphology of the vegetative cells, the 
presence or absence of spores, their mode of formation, and the 
number and shape or stmcture of the mature spores are important 
diagnostic characters Basidiospores of Sporoholomycetcxeae are 
readily detected, appearmg as a powdery coat on the surface of 
the colony, and for ming the typical mirror colony on the hd of 
the culture dish From the mirror colony a pure preparation of 
spores may be obtamed for microscopic examination The pro- 
duction of ascospores by Endomycetaceae requires the use of special 
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media or methods Although ascospores may appear abundantly 
m ordmary cultures on rich media, especially with strains recently 
isolated from nature, they caimot be considered as absent until 
repeated attempts have been made to force their development 
upon special media 

The use of blocks of plaster of Pans moistened with water or 
with dilute peptone solution, which has been the standard method 
for mducmg spore formation m yeasts smce Hansen, has been 
replaced often m recent years by Gorodkowa’s agar (glucose 
0 25 per cent, meat extract 1 per cent, NaCl 0 5 per cent) 
Stelhng-Dekker (1931) reviewed the hterature on vanous methods 
for mducmg spore formation, and concluded that no one procedure 
IS adequate, a number of methods must be used m succession 
before a yeast may be called asporogenous In addition to the 
plaster block and Gorodkowa’s agar, she used potato and carrot 
plugs, Kufferath’s “gelose farhydre,” exposure to ultraviolet 
light, raisins and raism agar, and for Deharyomyces species, growth 
on stenhzed sausage The medium of Kufferath (1928, 1930) 
is prepared from malt hydrolyzed with HjS 04 , neutralized with 
CaCOj, to which is added agar, and NaOH to give an alkahne 
reaction, a series of such media of varymg degrees of alkalmity 
are prepared, and the unknown yeast is moculated on all of them 
Mrak and McClung (1940) noted that m some instances spores 
were formed on cucumber wedges, when they failed to develop 
on other media The reviewer has used with much success 
McKelvey’s (1926) agar (dilute carrot infusion with CaSOi) 
which has repeatedly revealed spores that failed to develop on 
Gorodkowa’s agar or plaster blocks Niehaus (1932) used soil 
extract gelatm (1000 to 1500 grams garden sod extracted with 
1000 ml water, filtered, 15 per cent gelatm) 

Ochmann (1929) made an extensive study of the influence of 
the mtrogen sources m the medium upon spore formation m 
SIX yeasts {Saccharomyces cerevtsiae (Johannisberg stram), S 
turbidans, S pasUmamis, S vahdus, Schtzosaccharomyces octo- 
sporus, and Schizosaccharomyces poimh6) Spore formation was 
mduced by transferring the yeasts from the media studied to 
blocks of soaked and stenhzed beechwood The basal medium 
was 10 per cent dextrose, 0 5 per cent KHjPO* and 0 25 per cent 
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MgSO< To this was added 26 different nitrogenous compounds 
Wort was used as a control medium It was found that with 
each species spore formation was stimulated by certam N com- 
pounds which would not necessarily permit of spore formation 
with other species Thus mtrates favored spore formation by 
S pastonamis but not by the others, and so on This paper is 
cited to mdicate the difficulties inherent m a classffication of 
yeasts based upon spore formation Probably with many of 
the asporogenous yeasts we have not yet found the environmental 
conditions necessary for sporulation 
Smce spore-formation is often delayed, cultures should be 
exammed repeatedly over a period of several weeks before they 
are to be labelled as asporogenous Wmdisch (1938) reported 
spore formation m Tcrrvlopsis jndchemma only after the agar 
cultures had dried considerably, and Todd and Herrmann (1936) 
had the same experience with Deharyomyces moformans Fuchs 
(1935) found that with old laboratory strains which had qmt 
formmg spores this character could be revived by growmg them 
on wort agar, transfemng the young growth to plaster blocks, 
then back to wort agar, and so on Usually after three such 
treatments, spore formation will begm agam 
By usmg aerated solutions, Stantial (1935) showed that washed 
cells of S ceremsiae could be made to sporulate m the presence 
of certam sugars , mannose or maltose gave up to 85 percent ascus 
formation Acetate also favored the process, especially m the 
presence of mannose or dextrose The yield was found dependent 
upon the ratio of cell to solute concentration, also, pnor cultivation 
of the yeast m a bios-contaimng medium was a prerequisite for 
sporulation m the above procedure 
The presence or absence of spores is determined by microscopic 
exammation of wet preparations and of stamed shdes Recog- 
mtion of spores m the hvmg cells requires expenence Often 
fat-globules or water-vacuoles have been mistaken for spores 
Spores may be differentially stamed by one or another modifica- 
tion of Moeller’s spore stam, widely used to stam bacterial spores 
The followmg method has given the best results m my hands 
5 per cent chromic acid solution 5 mmutes, Ziehl’s carbol fuchsm 
steammg 5 mmutes, decolorization for 2 minutes m 1 per cent 
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aqueous HsS 04 , counterstam with Loeffler’s methylene blue 1 
mmute Spores are red, asci and vegetative cells blue Och- 
mann (1929) stamed the spores of Schizosaccharomyces species 
with methylene blue followed by Bismarck brown (spores blue, 
cells brown) and by Gram’s method (spores blue-black, ceUs red) 
Kufferath (1928) insisted that differential staimng should be 
the only cntenon of spores, but many others have noted that 
m some yeasts the spores may fail to show the differential stainmg 
This has been my expenence with Nadsoma fvlvescens and with 
Deharyomyces species 

In the genus Deharyomyces an important diagnostic character 
IS the warty character of the wall of the mature spore This 
IS not always present, and may be difficult to observe, largely 
because the smgle spore completely fills the ascus, and so the 
outer surface of the spore wall is closely apphed to the inner 
surface of the ascus wall Mrak and Bonar (1938b) have ob- 
served that if the cultures moculated m Gorodkowa agar with 
yeasts of this genus are mcubated at 16°, or lower, the asci axe 
larger m relation to the size of the ascospores, and the warty 
walls may be resuhly observed 

The mode of growth of yeasts m hqmd media is of greater 
diagnostic importance than m bacteria The formation of a 
dry, matte, peUicle from the beginnmg of growth is characteristic 
of the genera Pichta, Hansenvla, some species of Deharyomyces and 
Mycoderma A mucoid scum may develop late with other genera 
This pelhcle may be observed on the hqmd media used for sugar 
fermentations Most recent descriptions of yeasts have been 
accompamed by illustrations of their giant colomes, usually 
grown upon wort gelatm It has been repeatedly demonstrated 
that the characteristics of these colomes are very easily changed 
by shght variations m the composition of the medium, especially 
the consistency of the substrate Here a standardized medium 
IS especially desirable Stelhng-Dekker (1931) rejected the giant 
colony m favor of the wort-agar stroke culture, as givmg essenti- 
ally the same sort of information The growth may be mucoid, 
pasty or tenacious, smooth, matte, or wrmkled, white, creamy, 
buff, or defimtely colored 
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Lodder (1934) separated the asporogenous yeasts with carot- 
moid pigments m a family, the Rhodotondaceae, and used a 
method devised by Mohsch for the determination of the carot- 
moid pigment A considerable amount of growth is brought 
mto a test-tube containing 2 ml of a 20 per cent solution of 
KOH m 40 per cent alcohol, and allowed to stand m the dark for 
some days Some of the sediment is removed with a pipette and 
exammed microscopically for red or organge-red crystals In all 
cases where defimtely red, orange or yellow yeasts were mves- 
tigated, such crystals were found. Mrak and McClung (1940) 
expenenced considerable difficulty with this method, and found 
that storage of the tubes for six weeks was necessary to give con- 
sistent results However, it is hardly necessary to resort to 
microchenucal methods Lodder found no crystals from old cul- 
tures of nonchromogemc yeasts givmg the yellowish-brown color 
that often appears with age The carotmoid pigments appear 
early m growth and are usually distmctive enough to be recog- 
nized by simple inspection of the culture tubes The “iron-red” 
pigment formed by Tmdopm jndchernma and some other species 
IS to be distmguished from the carotmoid pigments It is defi- 
nitely maroon rather than pink, coral, or rose, as m the Rhodo- 
tondaceae, it usually diffuses mto the medium, and often fails to 
color the cells, which remam white It will not develop on syn- 
thetic media free from iron 

In a number of genera of yeasts the species are identified by 
sugar fermentations SteUmg-Dekker (1931) has discussed ex- 
tensively methods for determimng sugar fermentations She used 
two methods growth m Einhom fermentation tubes contaimng 
2 per cent of the sugar to be tested m yeast infusion (200 grams 
compressed yeast extracted m 1 hter of water m the autoclave), 
and quantitative determmations by used of the van Iterson- 
Kluyver apparatus, the latter method especially m studymg the 
fermentation of raffinose 

The fermentation of raffinose occupies a special place m Stelhng- 
Hekker’s system Some yeasts spht this tnsacchande to levulose 
and the disacchande mehbiose, fermentmg the levulose but not 
attackmg the mehbiose, such yeasts are descnbed as fermentmg 
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“I of rafifinose ” Other yeasts completely hydrolyze raffinose to 
its component monosacchandes, and are said to ferment raflBnose 
completely This procedure is therefore a method of separating 
yeasts upon the basis of their abihty to ferment mehbiose Stel- 
hng-Dekker’s method requires the use of quantitative apparatus, 
an mconvemence m routme work I have been unable to deter- 
mine why she does not study the fermentation of mehbiose di- 
rectly, its cost IS considerably higher than that of raffinose, but 
not prohibitive Zimmermann (1938), to use Stelhng-Dekker’s 
keys, determmed the character of the fermentation of raffinose 
by titratmg the remaimng sugar after 14 days 
Generally, 2 to 3 per cent solutions of sugars and large volumes 
are used rather than the 1 per cent solution m small fermentation 
tubes commonly used to study fermentations by bacteria I have 
been unable to find any discussion of this, but there is a real 
reason for it I have repeatedly observed yeasts to give a vig- 
orous fermentation m tubes contaimng 10 to 12 ml of hqmd, 
when they gave no or shght fermentation m small tubes contam- 
mg only 2 to 3 ml I suspect this to be due to more complete 
diffusion of oxygen m the smaller volume of hqmd, favoring 
oxidative rather than fermentative respiration Martm, Jones, 
Yao and Lee (1937) recommend a vasehne seal on the sugar 
fermentation tubes to mamtam anaerobiosis Langeron and 
Guerra (1938) used paraffin with paraffin oil 
The reviewer uses, for fermentation tests, tubes of large di- 
ameter (25 X 150 mm ) with mverted Wassermann tubes (10 x 
75 mm ) for gas-traps, containing about 20 ml of medium With 
pelhcle-forming yeasts it is well to shake the pelhcle free after 
a day or two, so that some cells will sink to the botton of the tube 
One should shake the tubes vigorously before readmg the results, 
as sometimes the solution may be supersaturated with gas, yet 
show none m the gas-trap On shaking, effervescence is seen 
Yeasts often form acid without gas from sugars, these fermenta- 
tions have so far found no place m the systematics of yeasts, 
save that numerous authors have noted that Candida albicans 
regularly produces acid from sucrose, though it produces alcohol 
and gas from dextrose and levulose 
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In 1914 Kluyver published certain generahzations concerning 
sugar fermentations by yeasts which were restated by Stelhng- 
Dekker, and are referred to by Langeron and Guerra (1938) as 
the “Eduyver-Dekker laws”, 1 A yeast which cannot ferment 
glucose cannot ferment any other sugar 2 A yeast which can 
ferment glucose can also ferment fructose and mannose 3 A 
yeast cannot ferment both lactose and maltose 
In addition to fermentations, it is necessary with some groups 
of yeasts to determme what substances they may utihze as sources 
of mtrogen or carbon One prepares a basal medium contaimng 
all ingredients necessary for growth, mcludmg m one case a 
umversally available source of carbon (all yeasts can utihze dex- 
trose), m the other case a umversally utihzable source of mtrogen 
(ammomum sulphate could be utihzed m the presence of dextrose 
by all of the yeasts studied by Lodder) Other salts as potassium 

phosphate and magnesium sulphate are necessary If hqmd 
media are used, the trace elements and growth-accessory sub- 
stances ("bios” complex) must be added, which are easily pro- 
vided by addmg a trane of yeast extract to the medium 
Lodder (1934) made use of Beijennck’s "auxanographic” 
method for testmg the utihzation of sugars by yeasts A basal 
medium is made, composed of 0 05 per cent (NH 4 ) 2 S 04 , 0 1 per 
cent KHtPO*, 0 05 per cent MgSO*, and 2 per cent of washed agar 
This IS heavily seeded while molten with the yeast to be tested, 
and poured mto a Petn dish The heavy seedmg obviates the 
necessity of providing “bios” Small quantities of the sugars to 
be tested are deposited upon the surface of the agar m dry form, 
mcludmg dextrose on each plate as a control Where the sugar 
diffuses mto the agar, growth will occur if this sugar can be uti- 
hzed by the yeast bemg studied For testmg the utilization of 
N-sources by the auxanographic method, Lodder’s basal medium 
is 2 per cent dextrose, 0 1 per cent KH-POij 0 05 per cent MgSO< 
and 2 per cent washed agar Peptone, ammomum sulphate, 
asparagm, urea and potassium mtrate were tested as sources of 
mtrogen Zunmermann (1938) found the auxanographic method 
to give doubtful results, and preferred to use hqmd sjmthetic 
media, as did also Mrak and McClung (1940) 
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Stelbng-Dekker (1931) stressed especially the utihzation of 
nitrates and of alcohol in identifying the spore-forming yeasts 
The utilization of alcohol was tested in a liquid medium contam- 
mg 3 per cent ethyl alcohol, 0 1 per cent (NH4)3SO, 0 1 per cent 
KHiP 04 and 0 05 per cent MgSOi The utilization of mtrates 
was tested by moculating simultaneously two tubes of agar, one 
composed of 2 per cent dextrose, 0 1 per cent KNO3, 0 1 per cent 
KH1PO4, 0 05 per cent MgSO^, and 2 per cent washed agar, the 
other tube of the same composition with mtrate onutted A 
shght growth almost always occurs m the control tube, but a 
defimtely heavier growth m the tube containing mtrate indicates 
that this substance can be utihzed 

Classificaiion of the Sporobolomycetaceae 

The basidiospore-formmg yeasts were umted by Derx (1930) 
into a family of "Sporobolomycetes” descnbed as follows "Mi- 
croscopic fungi which mostly propagate by buddmg like Sac- 
chaTomycetea , from part of the vegetative cells there are produced 
single or rarely branched, often bifurcated stengmata projectmg 
mto the air, on which are formed hght, hyahne, distmctly apicu- 
late spores, which when mature are projected m a manner similar 
to the multiple spores of true Basidiomycetes The spores, 
which m form are similar to multiple basidiospores, may form 
secondary spores like the multiple basidiospores of Frotohaaxdio- 
mycetes ” Within this family Derx mcluded two genera, Sporo- 
holomyces and BvUera (amended to BvUena by Ciferri and Verona, 
1938) 

The genus Sporoholomyces is defined by Derx as follows 
“Vegetative growth rose, red or salmon Spores more or less 
compressed laterally, kidney-shaped, pear-shaped, asymmetric " 
The genus BvUena is defined as “Vegetative growth white, 
whitish, cream, straw or yellow, without any trace of red Spores 
round, ovoid, globular, symmetrical ” Derx recogmzed seven 
species of Sporoholomyces m a collection of 40-odd strains These 
were distmguished by the color of the vegetative growth, the 
shape of the spores, the texture of the colomes, and the odor of 
the cultures Ciferri and Verona (1938) proposed to subdivide 
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the genus into two groups, the subgenus Blastoderma with pseudo- 
mycehum, and the subgenus Eusporobolomyces without pseudo- 
mycehum They added several additional species There are 
but two species of the genus BuUena descnbed, differing in the 
size of the vegetative cells, and the size and shape of the spores. 

Classification of the Ascosporogenous Yeasts 

Stelling-Dekker includes all of the yeasts which form ascospores, 
together with the related yeast-hke (mycehal) forms m a smgle 
family, the Endomycetaceae, which is subdivided mto four sub- 
famihes, the Eremascoideae, the Endomycoideae, the Saccharo- 
mycoideae and the Nematosporeae The common spore-formmg 
yeasts are mostly mcluded m the third subfamily, which is further 
divided mto three tnbes, the Endomycopseae, the Saccharomy- 
ceteae and the Nadsonteae The distmguishmg characters of 
these subfanuhes and tnbes are as follows 

Family Endomycetaceae 

Growth-forms mycehum, pseudomycehum, oidia or yeast cells ("co- 
mdia”), together or smgly Vegetative multiphcation by transverse 
fission or by buddmg Naked asci result from isogamous or heterog- 
amous conjugation or parthenogenetic Ascospores sphencal, hemis- 
phencal, angular, sickle- or spmdle-shaped, smooth, warty, or with an 
encirchng nm Both oxidative and fermentative species 
Subfamily A Eremascoideae 

Growth-form only mycehum Vegetative multiphcation by trans- 
verse fission Spores hat-shaped, result from isogamous conjuga- 
tion Dissimilation exclusively oxidative But one genus 
Eremascus 

Subfamily B Endomycoideae 

Growth-form either mycehum with oidia or only oidia Vegetative 
multiphcation by transverse fission Spores round, oval or hat- 
shaped, result from isogamous or heterogamous conjugation 
Dissimilation oxidative or fermentative There are two genera, 
Endomyces with both mycehum and oidia, and both oxidative and 
fermentative respiration, and Schtzosaccharomyces with no myce- 
lium, only oidia multiplymg by transverse fission, and with domi- 
nantly fermentative respiration 
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Subfamily C Saccharomycoideae Growth-form either mycehum with 
yeast cells ("comdia"), occasionally also oidia, or only buddmg 
yeast cells and then often pseudomycehum Vegetative multi- 
phcation by transverse fission, by multipolar buddmg or by bipolar 
buddmg, the latter upon a broad base Spores sphencal, henu- 
sphencal, angular or sickle-shaped, or with an encirclmg ndge, 
formed by isogamousor heterogamous copulation or parthenogenetic 
All transitions between oxidative and fermentative dissimilation 
There are three tnbes in this subfamily 
Tnbe A Endomycopseae 

Growth-form mycehum with buds (“comdia”), at times oidia 
Vegetative multiphcation by transverse fission and by multipolar 
buddmg Spores parthenogenetic or followmg isogamous copulation 
But one genus, Endomycopais Dissimilation is dommantly oxida- 
tive, at times also fermentative 
Tnbe B Saccharomyceteae 

No mycehum, only buddmg yeast cells or pseudomycehum Vege- 
tative multiplication by multipolar buddmg Spores produced by 
isogamous or heterogamous conjugation, or parthenogenetic This 
tnbe mcludes the largest number of species of spore-formmg yeasts, 
contamed m the genera Saccharomyces, Torulaspora, Pwhvi, 
Hansenula, Debaryomyces, and Schwanniomyces 
Tnbe C Nadsonieae 

No mycehum, only buddmg yeast cells, at tunes pseudomycehum 
Vegetative multiphcation by bipolar buddmg, more or less upon 
a broad base Spores parthenogenetic or followmg heterogamous 
conjugation There are three genera Saccharomycodes with round 
spores that conjugate durmg germination, Hansienaspora with 
parthenogenetic spores, and Nadsoma, m which followmg heterog- 
amous conjugation between a bud and the mother cell, a second 
bud develops mto an ascus 

Subfamily D N ematosporoideae Growth-form mycehum and bud- 
dmg yeast cells Vegetative multiphcation by multipolar buddmg 
Spores needle- or spmdle-shaped, with or without fiageUa, partheno- 
genetic or formed after isogamous conjugation Both oxidative 
and fermentative There are three genera MonosporeUa with 
one needle-shaped spore, Nematospora with 2 to 8 flagellated spmdle- 
shaped spores produced parthenogenetically, and Coccidiascus 
with 8 spmdle-shaped non-flagellate spores produced by isogamous 
conjugation 
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We cannot, of course, take space to indicate the characteristics and 
activities of all of the genera of ascospore-fomnng yeasts, but a transla- 
tion of Stelhng-Dekker’s key will serve to indicate the characters upon 
which their identification is largely based 

Key to the genera of Endomycetaceae 

1 a Spores fusiform [2] 

b Spores not fusiform [4] 

2 a Spores always smgle Monosporella 

b At least 4 spores per ascus [3] 

3 a Spores with one non-motile flagellum 

Nemaiospora 

b Spores without flagella Cocadiaacns 

4 a Vegetative multiphcation by trans- 

verse fission [5] 

b Vegetative multiplication by trans- 
verse fission, by multipolar buddmg, 
or both [6] 

c Vegetative multiphcation by bipolar 
buddmg with more or less broad 
bases to the buds [11] 

5 a True mycehum and oidia Endomyces 

b Only oidia, no mycehum Schizosaccharomyces 

6 a True mycelium with crosswalls and 

“bud-comdia,” at times oidia Endomycopsis 

b No mycehum, at tunes pseudomy- 
cehum, “bud comdia,” no oidia [7] 

7 a In wort a dry matte pellicle from the 

beginning [8] 

b In wort no pelhcle, or a soft slimy 
pellicle after some time [10] 

8 a Nitrates utihzed Hansenula 

(Lodder (1932) descnbed a new yeast 
havmg the characters of Hansenula, 
but producmg hat-shaped spores after 
isogamous conjugation, she therefore 
created a new subgenus, Zygohan- 
senula, the type species being Z 
califomica) 

b Nitrates not utilized 


[ 9 ] 
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9 a Spores round, angular or hat-shaped, 
smooth, cells m young cultures long- 
oval to filamentous Ptchia 

aa Spore-formation parthenogenetic 

Subgenus Ptchia sensu strictu 
bb Spore-formation sexual 

Subgenus Zygoptchta 
b Spores roimd with a warty wall, cells 
m young cultures round to short- 
oval Dd)aryomyces'- 

10 a Cells short-oval to elongated, spores 

round, kidney-shaped or hat-shaped, 

smooth, 1 to 4 per ascus Saccharomyces 

aa Spore-formation parthenogenetic 

Subgenus Saccharomyces sensu 
slnctu 

bb Spore-formation sexual 

Subgenus Zygosaccharomyces 
b Cells round, spores round and smooth, 
with an oil drop m the middle, 
copulation tubes formed before spore- 
formation Torulaspora 

(Krumbholz (1933) questions the 
desirabihty of retainmg the genus 
Torulaspora) 

c Cells mostly round, but also oval, 
small Spores round with a warty 
wall, almost always 1, rarely 2 per 
ascus, formed sexually Deharyomyces'- 

d Cells oval, rather large, spores roimd, 
with a warty wall and a ndge around 
the middle, copulation tubes fonned 

Schwanntomyces 

11 a Cells small, bipolar buddmg, spores 

hat-shaped, smooth, 2 to 4 per ascus, 
parthenogenetic Hanseniaspora 

b Cells large, bipolar buddmg on a 
broad base, spores round to oval, 
smooth, 1 to 4 per ascus Spores 
conjugate on germination Saccharomycodes 

I This name was spelled Debaromyces in Tanner’s translation of Guilhennond 

(1920) and this spelling has been used by American authors 
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c Cells large, bipolar budding on a 
broad base, spores round with a 
warty wall, one spore per ascus 
Conjugation before spore-formation, 
the ascus is formed by buddmg from 
the fertilized ceU Nadsonia 

In order to mdicate the characters upon which species are separated 
m Stelhng-Dekker’s system, the reviewer has also translated her key 
to the most important group, the subgenus Saccharomyces m the stnct 
sense 

Key to the species of Saccharomyces sensu stnctu 

1 a Fermentation of dextrose and galac- 

tose only [2] 

b Fermentation of dextrose, sucrose, 
and I raffinose only [4} 

c Fermentation of dextrose, sucrose 

and raffinose (completely) only S mtcroelltpsodes 

d Fermentation of dextrose, galactose, 
sucrose and | raffinose only [5] 

e Fermentation of dextrose, sucrose 

and maltose only S heterogentcus 

f Fermentation of dextrose, sucrose, 
maltose, and | raffinose only [6] 

g Fermentation of dextrose, galactose, 
sucrose (weakly) and maltose only 

S Chodah 

h Fermentation of dextrose, galactose, 
sucrose, maltose and I raffinose 
only [7] 

1 Fermentation of dextrose, galactose, 
sucrose, maltose and raffinose (com- 
pletely) only [8] 

j Fermentation of dextrose, galactose, 
sucrose, ^ raffinose, and lactose only 

S fragtlts 

2 a Rather long clusters of cells m wort 

from the beginmng S datrensis 

b Cells m wort smglj^ or m pairs [3] 

3 a But one spore per ascus S unisporus 

b Several spores per ascus S gldbosus 


/ 
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4 

5 


6 

7 


a Cells elongated, in clusters S rmiciparus 

b Cells round or oval S Chevalien and vaneties 

Lindnen, torulosus 

a Cells in young wort culture small, 
round to oval (3 5 to 5 5) /t x (4 to 
7) fi S exiguus 

b Cells m young wort culture oval 

(3 5 to 5) X (5 to 10) M S mangim 

and variety 
teirasporus 

a. Cells oval or egg-shaped S omformis 

b Cells long-oval to elongated S Bayanus 

a Cells m young wort culture round, 
oval, egg-shaped or pear-shaped, 

(3 to 7) M X (5 to 14) n, length to 

breadth ratio, 1 to 2 S cerevtstae and 

vaneties elhpsoideus, 
turbvians, Marchaltanns, 
pulmonalis, festtnans 

b Cells m young wort culture oval to 
sausage-shaped, (2 6 to 4) x (9 to 
11) fi, length to breadth ratio, 3 
to 4 S iniermedius 

c Cells m young wort agar short to long 

oval, (4 to 8) M X (9 to 18) n S Wxlhanus 

d Cells m young wort culture oval, 

(3 to 6 5) Ai X (6 to 9) fi, but elongated 
on wort agar (2 to 4 5) /x x (6 to 
14) fi S Odessa 

e Cells m young wort culture elhptical 
or elongated, (3 to 5) x (7 to 10) y, 
on wort agar after a longer time very 
long, up to 30 At, fermentation of 
maltose weak S tubtformis 

f Cells m young wort culture round to 
oval, (3 to 6) A* X (4 6 to 9) At, lu older 
cultures elongated, m old wort agar 
cultures formmg irregularly shaped 
cell-complexes S paradoxus 
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8 a In young wort cultures long clusters 

of long-oval cells S pastonanits 

b Cells in young wort cultures single 
or in pairs or threes [9] 

9 a Cells in young wort culture oval, 

(3 to 5) M X (7 to 10) ft S carlsbergensts 

and vaneties 
monacensis, valdensis, 
mandshuncus, polymorphus 
b Cells m young wort cultures fila- 
mentous, length to breadth ratio, 

4 to 6 S vahdus 

c Cells m young wort cultures long-oval 

(4 to 5 5) M X (9 to 13) p S Logos 

d Cells m young wort cultures oval to 
elongated, (3 to 6) /i x (7 to 15) ju, 
on wort agar oval to filamentous, 

(2 to 5) X (4 5 to 20) ft S uvarum 

Classificatton of the Asporogenou^ Yeasts 

Lodder (1934), excluding from the asporogenous yeasts all of 
those yeast-hke fungi which form true mycehum, mcludes those 
which form pseudomycehum She distmguishes these structures 
as follows “True mycehum is composed either of long, non-septate 
filamentous, sometimes branched cells, or if septate, often 
branched filaments, m which the separate elements arise by the 
formation of cross walls m the filaments By pseudom 3 ’-cehum, I 
understand septate, often branched filaments, in which the usu- 
ally somewhat elongated cells have arisen, one from another, 
by buddmg ” 

In practice this is gomg to be an exceedmgly difficult distmction 
to make One may readily recogmze typical true mycehum and 
tj^Mcal pseudomycehum, but one encounters many types of fila- 
mentous structures where the ongm of the cells (bj" buddmg or 
bj-- cross-walls) could be determmed only bj-- watching the fila- 
ment grow Further, one frequently finds both true and pseudo- 
mjTelium m a single pure culture, sometimes one and sometimes 
the other dominating, according to the age of the culture or the 
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composition of the medium We have noted already that the 
rough vanants of yeasts may form true mycehum Stelhng- 
Dekker makes no such distmction, frankly mcludmg with the 
yeasts fungi that form true mycehum but which multiply dom- 
inantly as yeast-like growth forms, and m a later pubhcation, 
Diddens and Lodder (1939a) admit of some true mycehum m 
the Mycotondoideae 

Lodder subdivides the asporogenous yeasts mto three famihes 
The family Nectaromycetaceae of Cifem and Redaelh (1935) is 
retaiUed to mclude the smgle genus Nectar omyces, the peculiar 
yeast found m the nectaries of flowers which sometimes forms 
comdia on the surface of the colony She excludes from this 
family the genera Sporobolomyces and BvXlena which Cifem and 
Redaelh had mcluded, on the ground that these yeasts form 
basidiospores, not comdia 

The Rhodotondaceae form a new family created to mclude all 
of those asporogenous yeasts which form carotmoid pigments 
As has been mdicated, these may be imperfect forms of the 
Sporobolomycetaceae 

The remaining asporogenous yeasts are contamed m the family 
Torvlopsidaceae These parallel to a considerable extent the 
ascospore-forming yeasts, and undoubtedly are for the most part 
imperfect forms of them A number of the genera of the asporoge- 
nous yeasts find a counterpart m the sporogenous group Thus 
the asporogenous lemon-shaped yeasts of the genus Kloeckera 
differ from the apiculate sporogenous yeasts of the genus Haiv- 
semaspora only m the matter of spores, and the elongated pelhcle- 
fomung yeasts of the genus Mycoderma are obviously the asporo- 
genous forms of the sporogenous genus Ptchta From time to 
tune, as with other imperfect fungi, spores are found m yeasts 
formerly beheved to be asporogenous Recent observations of 
this sort are the discovery of spores m a stram of Torulopsis 
pvlcherrirna by Wmdisch (1938), and the observation by Niehaus 
(1932) and by Dvomik (1938) that all strains of Kloeckera form 
spores when freshly isolated Diddens and Lodder (1939b) re- 
cord the discovery of spores m the followmg yeasts formerly 
reported as asporogenous, with the changes m nomenclature m- 
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dicated Momha pznoyisiTmhs and Momka pseudotrojncalts = 
Saccharomyces fragihs, Momha macedomenszs — Saccharomyces 
macedomerms , Momha javamca = Hansenula anoTnala, Candida 
peUicvlosa = Hansenula javamca Todd and Herrmann (1936), 
confirmed by Giordano (1939), noted that many strains of patho- 
gemc yeasts formerly referred to as Torvla histolytica, Tonda 
hominis, etc. actually form spores of such a character as to war- 
rant referring them to the genus Debaryomyces 

Baltatu (1939) claimed that he could mduce sporulation m all 
of the strains of Mycoderma which he studied (6 from the Botamcal 
Institute of Geisenheim, 7 from the Centraalbureau voor Schim- 
melcultures, and one isolated by himself) by growth m grape 
must, or on plaster blocks moistened with grape must, especially 
if the medium was acidified One to eight round spores were 
formed, usually two or four accordmg to the species At times 
spore-formation was preceded by copulation between two vege- 
tative cell, at tunes the spores fused on germination In the 
latter case fusion of four or more spores resultmg m but one vege- 
tative cell was observed’ He would transfer the yeasts desig- 
nated Mycoderma to the ascosporogenous group, and would m- 
clude all of the pelhcle-forming yeasts m one genus, Mycoderma, 
with three subgenera Mycoderma sensu stnciu with round spores, 
Pichia with hemispherical spores, and WiUia ( = Hansenula) with 
hat-shaped spores A number of species are described, some 
with new names 

The Torulopsidaceae are subdivided mto two sub-famihes 
The Tondopstdoideae^ mclude those yeasts with no (or only primi- 
tive) pseudomycehum, and no “appareil sponf^re” (clusters of 
buds arising at the nodes of the pseudomycehum) The Myco- 
loruUndeae form pseudomycehum and an “appareil sponf^re”. 
The latter subfamily is to be the subject matter of part II of her 
study It includes yeast-hke fungi which have been the subject 
of an enormous, confused and contradictory hterature These 
yeasts will be omitted from this review, hopmg that soon the 
pubhcation of Miss Lodder’s second volume will provide a sound 
basis for the study of this group 

Mibs Lodder in her work of 1934 used the name Torulopsotdeae, but Diddens 

Lodder (1939a) point out the correct spelling 
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The Tontlopsidoideae comprise the majonty of the “wild 
yeasts”, common as contammants m all sorts of bactenologi- 
cal work 


Key to the genera of Torulopsidoideae 

1 a Cells mostly lemon-shaped, bipolar buddmg Kloeckera 
b Cells mostly tnangular, buddmg at the three 

angles Tngonopm 

c Cells mostly flask-shaped, buddmg often upon 

a broad base Pityrosporum 

d Cells otherwise, usually round, oval or cyhn- 
dncal [2] 

2 a No pelhcle m wort cultures, or only a soft slimy 

pelhcle after some tune [3] 

b A matte, dry pelhcle m wort cultures from 
the begmnmg [4] 

3 a Formation of long slender tubular processes 

resembhng the copulation tubes of Zygosac- 
charomyces on Gorodkowa agar Asporomycee 

b No tubular processes formed Torvlopsis 

4 a Cells often cyhndncal, multiphcation by bud- 

dmg, the buds not separated from the mother- 
cell by fission Mycoderma 

b Cells polymorphous, multiphcation by bud- 
dmg, the buds often separatmg from the 
mother-cell by fission Schizoblastosponon 

The largest number of species of the Tontlopsidoideae are to 
be found m the genus Tonilopsis There has been some argu- 
ment regardmg the proper scientific name of this genus The 
name TonRa widely apphed smce the time of Pasteur and Hansen 
18 mvahd smce it had been apphed previously by Persoon m 1801 
to an entirely different sort of fimgus The name Cryptococcns 
mollis was given by Kiitzmg m 1833 to an organism which he 
found on moist wmdow panes and which he classified with the 
algae Later he mcluded m this genus Cryptococcus fermenium 
and Cryptococcus ceremsiae, obviously yeasts This name was 
not, however, apphed generally to yeasts until it was revived 
m 1901 by Vudlemm, who redefined the genus to mclude only 
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pathogenic yeasts, since which tune it has been widely used by 
medical mycologists It is agreed, however, that pathogemcity 
IS too indete rmin ate and variable a character for generic deter- 
mmation Benham (1935) reexammed some of the herbanum 
material of Kutzmg deposited m the New York Botamcal Garden, 
and found a vanety of organisms, mcludmg buddmg cells which 
she considers to be yeasts She therefore accepted Cryptococcus 
as having priority as a genenc name for asporogenous yeasts 
Kutzmg had not described buddmg 
Lodder (1938) exammed some of Kutzmg’s onginal matenal 
deposited m the Rijksherbanum at Leyden and also found a 
mixture of organisms with some buddmg cells She pomted out, 
however, that these do not fit Kutzmg’s descnption, and rejected 
Cryptococcus as bemg both a nornen dviuum and nomen confusum, 
and accepted the name Tondopsis mtroduced by Berlese m 1895 
as a substitute for the madmissible name Torvla 
The foUowmg key to the species of Torvlopsis will mdicate 
the characters by which the species are distmguished 

Key to the species of Torulopsis 

1 a Fermentmg sugars [2] 

b Not fermentmg [8] 

2 a Fermentmg only dextrose [3] 

b Fermentmg dextrose and sucrose [4] 

c Fermenting dextrose, galactose and 

sucrose T Holmtt 

d Fermentmg dextrose, sucrose and 

maltose T coUtcuhsa 

e Fermentmg dextrose, sucrose and lac- 
tose, cells long-oval T lefyr 

f Fermenting dextrose, galactose (very 

weakly), sucrose and lactose, cells 

round T sphaertca 

3 a Agar stroke culture not •slunj', forma- 

mation of a reddish pigment in the 

presence of iron T pulchcmma 

and var vauabths 

b Agar stroke culture shmj , no red pig- 
ment T ^foltschtana 
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4 a Cells relatively large (3 5 to 5 6)^ 

X (6 to 12) fi [ 5 ] 

b Cells small (1 6 to 4) /n x (3 to 5) [6] 

6 a Nitrates utilized T utihs 

b Nitrates not utilized T dattHa 

6 a Cells m wort cultures m clusters, only 

peptone utilized [7J 

b Cells m wort cultures smgle or m pairs, 
ammomum sulphate and asparagm 
utihzed as well as peptone T Gropengtessen 

7 a Cells mostly oval to long-oval T baciUans 

b Cells mostly round to oval T steUata 

8 a Nitrates undoubtedly utilized [9] 

b Nitrates utdized but sbghtly or not 

at all [11] 

9 a Wort agar stroke culture slimy [10] 

b Wort agar stroke culture not slimy T aena 

10 a Cells m wort and wort agar culture 

round to short-oval, stroke culture 

yellowish T alba and var japontca 

b Cells m wort round to short-oval, m 
wort agar oval, stroke culture yellow- 
ish tendmg toward red T roiundaia 

11 a Wort agar stroke culture slimy [12] 

b Wort agar stroke culture not shmy [15] 

12 a Cells round to short-oval T neoformans 

b Cells oval or long-oval [13] 

13 a Cells m young wort culture mostly 

oval, length to breadth ratio <2 [14] 

b Cells m young wort culture mostly 

long-oval, length to breadth ratio >2 T flavescens 

14 a Lactose utihzed, no growth with al- 

cohol as source of carbon T Laureniii 

h Lactose not utihzed, good growth with 
pelhcle when alcohol is source of carbon 

T luteola 


15 a Dextrose only utihzed T uvae 

b Other sugars utihzed [16] 

16 a Cells round T candtda 

b Cells oval [17] 
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17 a Cells relatively large (3 5 to 5) m x 

(5 to 11) M T lipofera 

b Cells relatively small (2 5 to 4:) p x 

(3 5 to 5) M T minor 

The Rhodotorulaceae 

Lodder justified the creation of a new family to mclude the 
red yeasts on the ground that these form a homogeneous group, 
all producmg carotmoid pigments which are lackmg in other 
yeasts, none fermentative, and apparently related to the Sporo- 
bolomycetaceae rather than to the ascosporogenous yeasts, as has 
been mdic&ted m an earher section 
Red or pink yeasts occur as air contaminants m bactenological 
work probably more frequently than any other yeasts The 
reason for their abundance in the air is not known, for they cer- 
tainly are not common m soil The observation of Derx that the 
SpoTobolomycetes are abundant on leaves and straw may ex- 
plam their ongm Bemg rather mert biochemically, they are of 
httle practical importance They are a cause of discoloration of 
sauerkraut, as reported by Pederson and Kelly (1938), who found 
that factors which tended to inhibit the normal bactenal sequence 
(high temperature, high salt content, high acidity, low mtrogen 
content) favored the growth of pink yeasts Schnegg and Wei- 
gand (1936) made the surpnsmg observation that pink yeasts 
were present m numbers from 48 to 38,400 per ml m 11 samples 
of boric acid solution (3%) purchased in pharmacies 
Lodder mcludes all of the Rhodotorulaceae m one genus, Rhodo- 
torula, m which she recogmzes 13 species and 10 vaneties These 
are subdi\nded mto two groups on the basis of then abihty to 
utilize mtrates Within these groups the species are differentiated 
accordmg to the shade of the pigment, the size and shape of the 
cells, and the shimness of the grondh on agar, characters nhich 
the renewer considers to be highly variable Rhodoiorula glu- 
tims is the tjqie, and most common species 

Industnal Yeasto 

Ever since Hansen applied the name Saccharoimjces cerevisiae 
to a brewmg yeast, and Saccharomyces clhpsoidewi to a wine 
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IS in their rates of fermentation and respiration In a study of 
12 strains of top yeasts and 10 strains of bottom yeasts, they found 
the repiratory rate of the former to be on the average 77 per cent 
greater than the latter There was a constant ratio between the 
respiratory rate and the fermentation rate They consider these 
to be constant racial characteristics 

As early as 1894 Bau had noted that various races of brewery 
yeasts differed with respect to their abdity to hydrolyze and 
ferment mehbiose, top yeasts failin g to produce gas from this 
disaccharide while bottom yeasts do Stelhng-Dekker (1931) con- 
firmed this, and divided the mdustnal yeasts mto two groups 
upon this basis As has been mentioned, instead of mehbiose 
she uses raffinose and quantitative methods Top yeasts, of which 
S ceremsme is the type, ferment raffinose only one-third, bottom 
yeasts, of which S carlsbergensts is the type, ferment this sugar 
completely 

Hansen had noted as early as 1905 that top and bottom fer- 
mentation are vanable characters He succeeded m developmg 
top yeasts from bottom yeasts by growth at low temperatures, 
but could not accomplish the reverse change Winge and Laust- 
sen (1939) obtamed bottom yeasts from top yeasts by spore 
segregation They state that “it appears qmte unjustified to use 
the abfiity to ferment the whole or one-third of raffinose as stand- 
ards for distmguishmg bottom and top yeasts respectively, as there 
IS no regular connexion between these characters”, and that “the 
categories of top yeast and bottom yeast have undoubtedly been 
mterpreted too hterally both m practice and m the hterature ” 

Stockhausen has recently published a senes of papers on what 
he calls “high-fermentmg” and “low-fermentmg” yeasts By 
these terms he apparently means somethmg different from fop 
and bottom yeasts, smce he speaks (Stockhausen and Koch, 1936) 
of “hoch und medngvergarenden untergange Bierhefen” The 
type of the high-fermentmg yeasts is the Frohberg yeast (which 
Stelhng-Dekker places m S carlshergerms ) , the type of the low- 
fermentmg yeasts is the Saaz yeast, which on the basis of raffinose 
fermentation is listed by Stelhng-Dekker as S cerevtsiae Stock- 
hausen (1935) stated that the Saaz yeast is not a true cultivated 
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yeast, but a wild yeast, S cratencm, that gives beer a raw flavor 
and other undesirable characters 
Stockhausen and Koch (1936) stated that the low-fermenting 
yeasts leave much more sediment when the brewmg vat is dramed 
than do high-fermentmg yeasts This is apparently due to the 
flocculation and sedimentation of the former (“bruchhefen'’) and 
the fine distribution of the latter (“staubhefen”) High-ferment- 
mg yeasts are carried over mto the after-fermentation vats to a 
greater extent In laboratory tests no differences m the total 
yeast production could be noted Stockhausen (1935) stated that 
while one may speak of high-fermentation and low-fermentation 
as racial characteristics, these are strongly influenced by external 
factors Protem-nch wort leads to high fermentation Low- 
fermentation yeasts are nch m phosphorus and magnesium, 
high-fermentmg strains contam more calcium In mixtures the 
high-fermentmg yeasts predominate 

Guilhermond (1920) stated that top yeasts ferment at higher 
temperatures than bottom yeasts This classification of the 
brewery yeasts may thus be parallel to the division of wme yeasts 
mto “normal-fermentmg” and “cold-fermentmg” types “Cold” 
yeasts have been recently studied by Porchet (1936) and by 
Percher (1938) A slow but complete fermentation of must may 
be carried out by some of these yeasts even at 0°C The resultmg 
wmes are no different from those produced by normal wme yeasts 
Osterwalder (1934) made an extensive study of one such yeast, 
which he identified as Saccharomyces intermedius, var iuncensis 
It fermented dextrose, levulose, galactose, sucrose, maltose and 
rafifinose Zimmermann (1936) descnbed a cold-fermentmg yeast, 
and later (1938) two more, which differed from the “normal” 
wme yeasts in fermentmg raffinose completely rather than one- 
third IMrak and McClung (1940) found but one of 195 strains 
of Saccharomyces from grapes, must or pomace which fermented 
raflSnose completely 

Several other procedures for differentiatmg mdustrial yeasts 
have been proposed Fmk (1932) noted that yeasts of different 
sources vary in their cjdochrome spectra Bakerj' yeasts, t e , 
compressed yeasts of the “respiratorj’^” 15110, present the 15111031 
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4-band spectrum of reduced cytochrome Brewery yeasts, or 
yeasts of the fermentative type, present mcomplete, usually 2- 
band spectra The test is easily and qmckly earned out and can 
be used to detect the adulteration of commercial bakery yeast 
with brewery yeast Scum-fonmng yeasts show spectra of the 
“respuatory” type, wme and distillery yeasts those of the fer- 
mentative type The character of the spectrum depends upon 
the degree of aeration durmg the previous cultivation of the yeast 
Baker’s yeast grown anaerobically was easily changed to one with 
an mcomplete cytochrome spectrum, and wme and distillery 
yeasts 3 uelded a 4-band spectrum when strongly aerated, but this 
was not observed with brewery yeast except after prolonged 
cultivation with a high degree of aeration (Fink and Berwold, 
1933) 

Stockhausen (1935) noted variations m the amount of gum 
produced by different types of mdustnal yeasts Beer yeasts 
produced 4 to 6 per cent, wme yeasts 6 to 8 per cent, and bakmg 
yeasts 8 to 12 per cent Drews (1937) noted that compressed 
yeast made from brewery yeasts did not keep as well as that 
made from selected bakmg strains This was due to the vanations 
m pH optima for autolysis For a bottom brewmg yeast this was 
5 0, for a top brewmg yeast, 4 7, for a top distillery yeast (grown 
under aeration as for compressed yeast manufacture) 4 25, and 
for a top baker’s yeast grown on gram mash, 4 35 

Schultz, Atkm and Frey (1940) propose to subdivide mdustnal 
yeasts accordmg to their requirements for certam growth ac- 
cessory substances They studied 44 strains, varieties or races of 
S ceretnszae and S carlsber germs, and found that these fell into 
three groups The yeasts are grown upon a basal synthetic 
medium contaimng the bios mgredients (mositol, ^alamne, and 
Bios III) , the same medium plus thiamin , and the same medium 
plus thiamm and vitamm Bj Type A yeasts give a low crop on 
basal medium, mcreased by thiamm, and further mcreased by 
vitamm Be Type B yeasts give a high crop on the basal medium, 
which IS depressed not more than 50 per cent by thiamm, and 
normal with both thiamm and vitamin Be Type C yeasts are 
depressed more than half by thiamm, but give a high crop with 
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both substances present They found all three types m both 
species, S ceremsiae (top) and S carlsb&rgensis (bottom) 

The Genus Brettanomyces 

Although properly belonging to the Mycotorvkndeae, bnef notice 
■will be taken of the yeasts of the genus Brettanomyces because of 
their mdustnal importance They are concerned "with the after- 
fermentation of English “stock” beers (porter, stout, pale ale) 
and are very different from the Saccharomyces ceremsiae responsible 
for the mflin fermentation Similar yeasts are used m the pro- 
duction of Belgian lambic beer Such yeasts were first studied 
m 1904 by Claussen who observed that they produce imusually 
high percentages of alcohol, and large amounts of both non- 
volatile and volatile acid They were further studied by Schi0n- 
mng m 1907-1909, who recogmzed two types differing m mor- 
phology and cultural characters These two types were also 
recogmzed by Kufferath and van Laer m 1921 who proposed the 
genenc name Brettanomyces, correctmg “Bnttanomyces” which 
had been used by Claussen Kufferath and van Laer descnbed 
two species, B hruxeUensis with moist, shmy colomes and B 
lambicus, "with dull colomes like those of film yeasts Both were 
isolated from Belgian lambic beer 
Very recently these yeasts have been mtensively mvestigated 
by Custers (1940) He beheved that such yeasts have been ob- 
tamed only from English and Belgian beers, exceptmg one stram 
isolated by Krumbholz and Tauschanoff (1933) from a spon- 
taneously fermentmg French grape must, and named by them 
Mycotonda intermedia Custers considered this to be a species of 
Brettanomyces close to B hruxeUensis, but differing from the others 
in a greater tendency to form pseudomycehum m all media, he 
suggests that it may be the “wild” form of these j’^easts, the others 
haMug been modified by cultivation 
Custers studied 17 strains, of which he isolated 7 from lambic 
beer, and 2 from English beer The remaimng strains had been 
isolated bj’’ Schi0nning, Kufferath, and by Krumbholz and Tau- 
schanoff These strains were subjected to taxonomic analjsis 
according to the procedures descnbed by Stellmg-Dekker and 
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Lodder The 17 strains fell into 4 species and two varieties 
Morphologically they are vanable, but a characteristic feature 
IS the “ogive” cell, elongated cylindrical cells pointed at the ends 
All tend to form some pseudomycehum m potato infusion 
Physiologically they differ from most yeasts m then abihty to 
oxidize alcohol to acetic acid imder aerobic conditions, producmg 
enough acid to loll the cultures, so that stock cultures can be 
mamtamed readily only m media containmg calcium carbonate 
They grow very slowly, takmg nearly six months for the complete 
fermentation of beer wort, and producmg about 10 per cent of 
alcohol 

Custers proposes to mclude Breitanomyces as a genus of the 
tribe MycotoruUndeae which he defines as follows (m translation) 

''Cells ovoid or globular, often elongated or "ogive" shaped, pointed 
at the ends Budding from all parts of the cell, fo rmin g irregular 
clusters Tendency to form a poorly developed pseudomycehum with 
only a primitive blastospore apparatus Ascospores are not formed 
In malt extract slow growth usually accompamed by slow, long drawn 
out fermentation, sediment, sometimes a pelhcle In this medium and 
m malt agar, formation of a characteristic aroma Under aerobic 
conditions, strong production of acid from sugars Slow growth, 
relatively rapid death of cells m malt agar, but can be mamtamed longer 
in malt agar or yeast-extract glucose agar if calcium carbonate is added 
Can ferment a vanety of sugars Potassium mtrate and nitnte (m 
dilute solutions), ammomum sulphate, urea and peptone can be utilized 
as sources of nitrogen ” 

The four species are Breitanomyces anomalus na , B Claussemi 
ns , B lambicus, and B bmxeUensis, there are two vaneties of 
the last species, narv-menibraria^ omens and Urdus These species 
and varieties are differentiated by sugar fermentations, by the 
character of the growth on wort agar, and by the presence or 
absence of pelhcles 

Custers made extensive chemical studies of the fermentations 
caused by species of Breitanomyces Under anaerobic conditions, 
only an alcohohc fermentation occurs, no appreciable amounts 
of acid are formed The amount of alcohol exceeds that of COj 
m the classical formula for fermentation Under aerobic con- 
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ditions considerable acetic acid is formed This is thought to be 
due to an oxidation of the alcohol by the yeast In similar ex- 
periments with Saccharomyces cerevisiae and S carlsbergensis no 
acetic acid was formed At pH 6 4 the oxidation of the alcohol 
stops at acetic acid, at pH 4 35 and 3 77 the acetic acid is further 
oxidized to carbon dioxide and water It was further found that 
under aerobic conditions B Claussenii produces more alcohohc 
fermentation than under anaerobic conditions, le , a, negative 
Pasteur effect 


Apicvlale Yeasts 

The apiculate yeasts are those with lemon-shaped cells (el- 
hpsoidal cells with a small button-hke projection at each pole) 
Such yeasts are common on grapes, and growmg more rapidly 
than the true wme yeasts, are abundant at the beginnmg of fer- 
mentation They may contribute unfavorably to the flavor of 
the wine They have been studied considerably with rather con- 
fusmg results as regards classiflcation There has been dispute 
concermng spore formation, and we consequently find them listed 
with both the sporogenous and the asporogenous yeasts 

Stellmg-Dekker (1931) recognizes Hanseniaspora as the vahd 
genenc name for the sporogenous apiculate yeasts She defines 
the genus as follows "Cells lemon-shaped or long-oval, vegetative 
multiplication by bipolar buddmg No pelhcle on wort Spores 
at first sphencal, later hat-shaped, which is not always distmct 
Abihty to form spores easily lost on prolonged cultivation Fer- 
mentation of dextrose, levulose and mannose only, at tunes weak 
Nitrate assirmlation negative Almost no growth with ethjd 
alcohol as a source of carbon ” She mcludes two species, H 
valbyensjs, strongly fermentmg and with never more than 2 
spores per ascus, and H Guilliermondx with 4 spores per ascus 

Lodder (1934) accepts Kloeckera as the vahd genenc name for 
the asporogenous apiculate yeasts, which she defines as "Cells 
lemon-shaped, short-oval, long-oval, or sausage-shaped Vege- 
tative multiphcation by bipolar buddmg Strong fermentation 
of dextrose (levulose and mannose) or of dextrose and sucrose 
Of the N-compounds tried, only peptone was utilized With 



156 


ABTHUE T HENEICI 


ethyl alcohol as the growth substrate, almost no growth ” She 
descnbes ten species and one variety These are subdivided first 
on the basis of sucrose fermentation, further on the size and shape 
of the cells and the appearance of the agar-stroke culture 
Niehaus (1932) published an extensive study of 81 strains of 
apiculate yeasts from widely distnbuted vmeyards He noted, 
as had other previously, that the apiculate form is characteristic 
of young cultures, and that m older cultures elhpsoid or cyhndrical 
cells are found When hangmg-drop cultures were studied it was 
observed, however that newly-formed cells were elhpsoid, and 
only became apiculate when about to bud He explains the 
relative absence of apiculate cells m old cultures as due to the 
inhibition of buddmg by the accumulation of alcohol, to which 
the yeast is very sensitive, exceptmg one stram, only from ^ to 
about 3 per cent of alcohol bemg produced 
Each of the 79 freshly isolated strains readily producedspores 
on plaster blocks One other formed spores on Kufferath’s 
medium The spores were almost always smgle, only occasionally 
were two spores found Spore formation was parthenogenetic 
Nuclei were demonstrated m the spores, and they were observed 
to germinate, sendmg out a short promycehum from which vege- 
tative cells were budded Smce the form of the spores (no hat- 
shaped ones observed) and their germination appeared to be 
different from that descnbed by Stelhng-Dekker for Hansen- 
laspora he created a new genus, Kloeckeraspora, to mclude the 
yeasts which he studied To the reviewer this seems to be hair- 
sphttmg with a vengeance Castelh (1935) failed to confirm the 
observations of Niehaus He observed globular bodies cor- 
respondmg to the smgle spores descnbed by Niehaus, but his 
rmcroscopic studies mdicated that they were fat globules, and 
germination studies were negative 

Dvomik (1938) reported (from the same laboratory as Niehaus) 
new extensive studies and fully corroborated the findmgs of 
Niehaus Each of 50 freshly isolated strains produced spores 
Only one spore per cell was formed parthenogenetically The 
identity of the spores was established by spore-stammg, by the 
stainmg of nuclei withm the spores, and by germmation The 
promycehum descnbed by Niehaus could not be confirmed 
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Saccheti (1939) also confirmed the regular formation of spores 
by 120 strains of apiculate yeasts freshly isolated from various 
frmts The abihty to form spores was qmckly lost on contmued 
cultivation The spores could not be differentially stamed 

My curiosity piqued by readmg these papers during the prepa- 
ration of this review, I have recently obtamed three samples 
of table grapes (Concord, white seedless, and Tokay) and al- 
lowed them to ferment after crushmg At the beginning of 
fermentation plates were poured, and the majonty of the colomes 
m all three samples proved to be apiculate yeasts Four or five 
were subcultured from each sample, and all of the 14 subcultures 
readily formed spores varymg from 1 to 4 m number on 
Gorodkowa’s agar They were all identified as Hansemaspora 
ChiiUzermondi From 241 yeasts isolated from grapes, must or 
pomace, Mrak and McClung (1940) obtamed 11 diagnosed as 
Hanseniaspora, 1 as Kloeckeraspora, and 16 as Kloeckera They 
observed that apiculate yeasts were isolated more frequently 
from grapes than from must or wme, and Zimmermann (1938) 
obtamed only one apiculate yeast m 45 strains isolated from 
wmes which had become turbid m storage The abundance of 
apiculate yeasts m must at the begmnmg of fermentation and 
their relative absence m the finished wme may be attributed to 
their sensitivity to alcohol, Niehaus (1932) found that most of 
them were inhibited by a concentration of about 3 7 per cent of 
alcohol m must 

The existing confusion regardmg the classification of the 
apiculate yeasts indicates clearly a difficulty frequently en- 
countered when yeasts must be placed m different genera on the 
basis of spore-formation The imperfect yeasts are obviousl}’^ 
an artificial (though necessary) category To the reviewer the 
balance of e\udence at the present time mdicates that all apiculate 
yeasts are potentiallj’’ sporogenous, but that the abihty to form 
spores IS rapidl}-^ lost m artificial cultivation 

F'llm-Fortmng Yeasts 

Pelhcle-formmg yeasts fall m the genera Hansenvla, Pichxa, 
Zygopiclna and Debaryomyces of the sporogenous yeasts, and m 
the genus Mycodcrma of the asporogenous yeasts Growmg as a 
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scum on the surface of hqmd media, they tend to be oxidative 
rather than fermentative m the dissimilation of sugars K 
fermentative, they produce but httle alcohol, tending to produce 
considerable amounts of esters Many of them utihze alcohol 
readily, and may be a cause of spoilage of fermented beverages, 
or may contribute to the development of special flavors, as m 
sherry Such yeasts also appear frequently m pickhng solutions 
of various sorts, especially brmes 

The film of yeasts concerned m the development of flavor in 
sherry (and m certam Arbois wmes of France) is called the “flor ” 
Hohl and Cruess (1939) isolated 15 strains of film-forming yeasts 
from the mixed flora of samples of “flor” obtamed from Jerez 
de la Frontera and from the Arbois district Three strains fell 
m the genus Pzchm, very close to P mernbranaefaciens Seven 
strains fell m the genus Saccharomyces, very close to S cerevistae 
var eUtpsotdeics These strains differ from the typical Sac- 
charomyces species m forming a more or less heavy film, after 
fermentation is complete One stram proved to be Hansmula 
saluma Four strains were species of Tonilopsis (closest to 
T daUtla) They were actively fermentative, and could perhaps 
be strains of S cerevisiae which failed to form spores This paper 
presents an extensive bibliography on "flor” yeasts and discusses 
some of the physiological properties of the strains isolated Un- 
like the apiculate yeasts, they show a high alcohol tolerance, and 
tend to reduce the alcohol content of the wme 

Scnvam (1939) also mvestigated the taxonomy of the ''flor” 
yeasts He isolated 119 strains from 54 samples of Itahan wmes 
The followmg species were obtamed Zygopichia chaniigrana, 
Pichfia Derossii, Ptchia mernbranaefactens, and its variety acidt- 
ficans, Mycoderma cerevisiae, Mycoderma Lafani, Mycoderma 
vini, Mycoderma acidificans var degradans, and 4 undetermmed 
species of Mycoderma 

Castelh (1933) foimd species of Hansenvla to be the dommant 
yeasts m a sour-dough ferment used m household bakmg m Italy, 
and descnbed two new species of the genus 

Mrak and Bonar (1939) studied fihn-formmg yeasts from 
pickle brmes Yeasts were isolated from 29 food brmes (dill 
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pickle, cucumber salt stock, Zucca melon, green olive, Sicilian 
olives, cauMower and ham) The yeasts isolated were identified 
as Pichta mernbrana^aciens, Mycoderma decolorant, Deharyo- 
myces GuiUiermondi var nova zeelandicus, Debaryomyces mem- 
hranaefaciens, and D menibranaefaciens var hoUandicut The 
salt tolerance of these yeasts was determined, and compared with 
that of related yeasts from type culture collections The Deharyo- 
myces species were found to be more widely distributed m brmes, 
and to show a higher salt tolerance than the other yeasts studied 
Though Debaryomyces species could grow m pickle brmes con- 
tammg up to 24 per cent salt, the Mycoderma and Pxchxa species 
were limited to brmes contammg 15 per cent or less The paper 
includes a bibliography on bnne yeasts and their salt tolerances 

Otam (1939) found that film-forming yeasts were the dommant 
species m “Nukamiso” pickles, a naturally fermented food pre- 
pared from raw vegetables m Japan Such yeasts were more 
frequent m the less acid samples, no yeasts were obtamed from 
a highly acid sample Of the film-formmg yeasts, Hamenxda 
anomala and two unnamed species of Mycoderma are described 
In addition certam yeasts that did not form scums were isolated, 
among them Zygosaccharomyces nukamxso, n s , and Tondopsxs 
nukamxso, n s 

Mrak and Bonar (1938a) studied yeasts formmg a slime on 
sausages Those isolated best fitted the description of Debaryo- 
myces Guxllxermondi var nova zeelandxcns Difficulties were en- 
countered m distmguishing between species of D Guxllxermondx 
and D membranaefacxens 

Osmophxlxc Yeasts 

The term “osmophihc” was apphed by Richter m 1912 to 
microorgamsms which can multiply in solutions of high osmotic 
pressure The brme yeasts just mentioned could be well desig- 
nated by this term In recent years there have been descnbed 
another group of yeasts ha\mg a tolerance for high osmotic pres- 
sures, those growing m concentrated musts, honey or sjTups 

ICrumbholz was concerned with j easts which grow m con- 
centrated musts In the Rhme wine region there occurs at times 
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a wann, dry, sunny autumn, when the grapes attam a char- 
acteristic over-ripeness designated as “edelreif ” Such grapes 
may become infested with Botryiia cinerea, m which case they 
are designated as “edelfaul ” From “edelreif” or "edelfaul” 
grapes there is obtamed a must of unusually high sugar content, 
30 to 40 per cent, sometimes as high as 60 per cent From such 
concentrated must there is produced an exceptional type of 
wme, the “rheimschen Ausleseweme ” The fermentation is 
slower and less complete than that of ordmary wmes Kroemer 
and Krumbholz (1931) presented a prehmmary report upon yeasts 
isolated from such wmes, and showed that the fermentation is 
brought about by species different from the ellipsoideus vanety 
of S cerevisxae commonly concerned m wme production Yeasts 
were collected from naturally fermentmg “Trockenbeerenaus- 
lesen,” and grapes from vanous sources were placed m stenle 
concentrated must from which yeasts were isolated after fer- 
mentation had begun It was found that osmophihc yeasts were 
widely distributed upon “edelreif” and “edelfaul” grapes From 
39 samples species of Zygosaccharomyces were isolated, from 14 
samples small-celled buddmg yeasts, from 3 samples both of the 
precedmg groups, from 2 samples apiculate yeasts, from 2 samples 
species of Hansenula, and from 2 samples species of Rhodotorvla 
It was concluded that the yeasts active m the fermentation of 
the concentrated musts fall m the first two groups 

The species of Zygosaccharomyces were divided mto two specific 
groups one, related to Z pnonanvs, contamed three new species, 
Z polyrnorphus, Z varidbihs, and Z amoeboidem^ , the other, 
related to Z Nadsomt, contamed one new species, Z globtformis. 
Species m the first group were found to be especially resistant to 
high osmotic pressures, growth contmumg up to a concentration 
of 90 grams of sugar m 100 ml They grew and fermented best 
at temperatures above 20°, m sugar concentrations of 40 to 50 
per cent, gave a slow fermentation with but httle alcohol and no 
volatile acid Z globiformts was less tolerant of the higher 
osmotic pressures, equally weak m fermentation, and produced 

• Lodder (1932) considers Z amoeboidew to be very close to Z cavarae var 
leauverte and suggests renaming it Z cavarae var amoeboideus 
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some volatile acid The small-celled buddmg yeasts were desig- 
nated as species of Saccharomyces though no spores were found 
They fell mto three groups designated as S stellaius, S haciUans, 
and S granulatus (all new species) S stellaius grew m sugar 
concentrations up to 90 per cent with the optimum between 30 
and 40 per cent, and produced up to 10 per cent alcohol The 
other two species gave weaker fermentations Extensive studies 
on the activities of these vanous yeasts m natural wme fermenta- 
tions are presented 

Krumbholz (1931a) described the morphology and cultural 
characters of the four new species of Zygosaccharomyces Several 
vaneties or races of Z 'polymorphus were recogmzed Diagnostic 
characters of this species are the form of the giant colomes and 
the occurrence of long copulation tubes at the time of spore 
formation The isogamous (occasionally heterogamous) con- 
jugation and the relationship of the cell form and colony form to 
the nature of the sugar m the medium are discussed It was 
noted that these yeasts fermented sucrose only after crushmg the 
cells The normal cells fermented only glucose, fructose, man- 
nose and maltose Z globiformis is especially charactenzed by a 
greater tendency to heterogamous conjugation, the formation of 
nonfunctioning copulation tubes, and parthenogamy This 
species ferments sucrose and raffinose (1) m addition to the 
sugars fermented by Z polymorphus Later, Krumbholz (1933) 
descnbed the formation of copulation tubes without copulation 
m Z globiformis and discussed the relationship of the genus 
Zygosaccharomyces to Torulaspora 

The small-celled osmophihc yeasts are described m detail by 
Krumbholz (1931b) Although no spores were found, these 
yeasts are referred to the genus Saccharomyces because of their 
morphological characters Lodder (1934) transfers two of the 
species of Kroemer and Krumbholz (1931) to the genus Torulopsis, 
as T baciUans and T stellata, but fails to describe the third 
species, T granulatus All three of these yeasts tend to grow m 
clusters as small, oval to globular buddmg cells They ferment 
glucose and sucrose, but not lactose or maltose T baciUaris 
and T stellata also ferment raffinose ( 3 ) 
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Karamboloff and Krumbholz (1931) described another 
osmophihc species, Zygosaccharomyces gracilis, from a Portuguese 
wme It ferments glucose, fructose and maltose, galactose 
slightly, and sucrose only after the cells have been crushed It 
IS very resistant to high acidities 

The relative osmotic tolerances of a variety of yeasts are dis- 
cussed by Kroemer and Krumbholz (1932) Twenty species 
were tested m nutrient media conta inin g vanous concentrations 
of NaCl, NaNOs, KCl, KNO 3 , and glycerol The yeasts studied 
mcluded a vanety of common yeasts m addition to the osmophihc 
yeasts which the authors had previously isolated Most of the 
species studied showed rather high degrees of tolerance to the 
concentrated solutions, especially the species of Hansenvla and 
Zygosaccharomyces Some of them grew m media containmg 
40 to 50 per cent glycerol Potassium mtrate was tolerated better 
than the other mmeral salts, many of the yeasts growmg in a 
saturated solution 

Saccheti (1932) also studied yeasts m concentrated must, and 
isolated two species of Zygosaccharomyces, Z gracUvs var italicus 
and Z felsineus, n s 

The role of osmophihc yeasts m the fermentation of honey was 
studied by Fabian and Qumet (1928) They isolated 25 strains 
from 20 samples of honey, among them Zygosaccharomyces japom- 
cus, Z Barken, and Z pnonanus A new species, Z mellis 
(not Z mellis acidi Richter) is described An asporogenous 
yeast was named Torvla mellis Yeasts were isolated from 
honey which had not fermented, as well as from fermented honey, 
and it was suggested that fermentation depends upon absorption 
of moisture by the honey from the air Thermal death pomts of 
the yeasts and their spores were determmed, and pasteurization 
of the honey at 62 5° for 30 mmutes was recommended as a 
preventive measure 

Honey-fermentmg yeasts were also studied by Marvm (1928) 
who found species of Zygosaccharomyces "Wilson and Marvm 
(1929) found yeasts capable of fermentmg 80 per cent honey on 
all parts of the bee, m the honey sack, m stored pollen, and on 
the skins of grapes Marvm, Peterson, Fred and Wilson (1931) 
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noted that when honey crystalhzes, the water extruded from the 
crystalhzed sugar tends to dilute the solution and so reduce the 
sugar concentration that yeasts may grow They isolated four 
types of Zygosaccharomyces, Z meWis, Z Nusshaumen, and two 
which they considered to be new species, but which were not 
named 

Lochhead and Heron (1929) imtiated a senes of papers deahng 
with the role of yeasts m honey spoilage Prom 13 samples of 
fermented honey yeasts were isolated which not only tolerated 
high percentages of sugar, but failed to grow with concentrations 
of honey less than 32 per cent, i e , they are truly osmophihc 
rather than merely tolerant of high concentrations Four types 
were isolated, Zygosaccharomyces Barken, the Z meUis of Fabian 
and Quinet, Z Nmsbaumen and Z Rtchien Seekmg the source 
of these yeasts, the nectar‘ of 44 flowers was examined, and 
yeasts capable of growmg m 80 per cent honey medium were 
found m all but three These fell mto 11 species, of which three 
were Zygosaccharomyces species and the remamder Tondapsis 
species Sugar-tolerant yeasts were also isolated from nectar 
m the bee-hives, from honey tanks and from air m the extractmg 
house The vanous yeasts are clearly descnbed and illustrated 
Factors influencmg honey fermentation, such as temperature, 
soluble mtrogen content, and degree of mversion of the sugar 
are discussed 

Lochhead and Farrell (1930) searched for osmophihc yeasts in 
soil by inoculatmg soil samples mto an 80 per cent honey medium 
No such yeasts were found m garden, orchard, clover field or 
cereal field soils, but were obtamed from soil about apianes, more 
abundantly m old ground Five species of Zygosaccharomyces 
and two of Torulopsis were isolated and descnbed Lochhead 
and McMaster (1931) found yeasts to be present m all of 191 
samples of normal honey from all parts of Canada A method of 
counting osmopluhc 3’^easts m hone}"^ bj’’ senal dilutions m a 66 
per cent honey medium is described 

Lochhead and Farrell (1931a) counted the j^east colomes in 

* For ft discussion of non-osmophilic 3 casts in nectar and a rc^^etv of literature 
on nectar \ casts, see Zinkemagel (1*129) 
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normal honey by platmg on 60 per cent honey agar Zygosac- 
charomyces Richiem was found to be dominant m fermenting 
samples, but not necessanly so before fermentation begins 
Species of Zygosaccharomyces were the most frequent m occurrence 
m nearly all samples of normal honey Schizosaccharomyces 
octosporus was obtamed from one sample 
Lochhead and Farrell (1931b) found a “bioactivator” m honey 
which stimulated fermentation by osmophihc yeasts of the genus 
Zygosaccharomyces m synthetic media This substance is 
dialyzable, insoluble m ether and acetone, not precipitated by 
85 per cent alcohol, non-volatile It is resistant to heat m acid 
solution but not m alkahne The substance is separable mto 
two parts by adsorption with charcoal The two fractions are 
mert alone Farrell and Lochhead (1931) studied this “bio- 
activator” further m comparison with "bios ” Complementary 
fractions from treatment with charcoal were found to exert 
effects similar to bios I (mositol) and bios II, when tested with 
the Toronto stram of Saccharomyces cerevmae Charcoal treat- 
ment of honey removes by adsorption bios II leavmg a residue 
relatively mert by itself, contaming mositol Inositol, however, 
IS not the active substance for the stram of osmophihc Zygosac- 
charomyces tested, the growth of this yeast bemg dependent upon 
the presence of another substance which, though not essential 
for the Toronto yeast, appears to be present m crude bios 11 
Lochhead (1933) concluded that not only the moisture content 
of the honey but also the imtial yeast contamination (which 
may vary from one to a miUion per gram) are factors m deter- 
mmmg the keepmg quahties of honey With a moisture content 
of 17 per cent or less the honey will keep irrespective of the yeast 
count, with 18 to 19 per cent the honey is safe if the count does 
not exceed 10 per gram, with more than 20 per cent there is 
always danger of fermentation The content of yeast "bio- 
activators” did not seem to influence the keepmg quahty of the 
honey Lochhead and Farrell (1936) studied the effects of vanous 
preservatives on osmophihc yeasts In freshly extracted honey, 

0 025 per cent sodium benzoate and 0 01 per cent of sodium 
sulphite or bisulphite prevented fermentation 
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In addition to the pubhcations on sugar-tolerant yeasts m 
concentrated must and m honey, older literature mentions the 
presence of yeasts and their activities m cream candies, sugar and 
syrups More recently Fabian and Hall (1933) have studied 
yeasts causmg fermentation m maple syrup They isolated a 
number of species Saccharomyces acens-sacchan ns , S Behrerm- 
anus, S nvonac&rms, Zygosaccharomyces melhs, Z japomcus, Z 
Barken, and Z Nussbawnen Saccharomyces acens-sacchan 
produces 4 spores which conjugate m pairs on germination, as m 
Saccharomycodes Irndwigti, and mdeed appears to correspond very 
closely with S Ludvngn m all characters save the failure to form 
a cross-wall at the base of the buds Saccharomyces Behrermanus 
also forms spores which conjugate on germination, as did the 
stram identified as Saccharomyces monacensis The latter was 
compared with a yeast labelled S monacensis from Dr Tanner's 
Jollection, and found to be identical Fabian and Hall discussed 
the heat resistance of the yeasts they isolated, and the moisture 
content of the fermented syrups 

Melhger (1931) studied yeasts fermentmg dates, which may 
well be considered with the osmophihc yeasts smce he found 60 
per cent of sugar (mvert, not sucrose) m “amhat” dates which 
could be exported from Egypt to Europe, “haajam” or red dates 
contam less sugar These dates were placed on moistened cotton 
in flasks until fermentation occurred, then cultures were made 
Curves for the rate and degree of fermentation of grape must 
were determined for each of the 89 yeasts isolated These curv^es 
fell into 6 groups, m particular curx’^es for the Saccharomyces 
species could be distmguished easily from curves for the Zygo- 
saccharomyces species Eight species were recognized, two of 
Zygosaccharomyces, two of Torulopsis, and one each of Hansenia- 
spora and Mycoderma The Hanseniaspora species was descnbed 
b\ Lodder (1932) as a new one, H MeUigen 

Pathogenic Yeasts 

Smce j easts from manj sources ma} lodge on the skin or be 
carried into the body m food or air, and smce the human body in 
health and disease has been so thoroughly studied bj, bacteriolo- 
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gists, it IS not surprising that ahnost all of the yeasts in the cata- 
logue have been reported at one tune or another as human 
parasites, often as pathogens Moreover, since yeast infections 
are encountered but rarely and usually reported by medical 
bacteriologists having but httle acquamtance with this group of 
organisms, it is not surpnsmg that the same species have been 
described under many different names It woidd not only take 
too much space, but would be almost futile to review here even 
the recent papers The reader mterested m a complete descrip- 
tion of all of the yeasts that have been isolated from the human 
body IS referred to Dodge (1935) 

Fortunately, with mcreased knowledge and a free exchange of 
cultures among experts, it is becommg daily more clear that the 
truly pathogemc yeasts of man and animals are represented by 
only a very few species These may be divided mto two groups 
the yeasts which cause deep-seated infections endangermg hfe 
(European blastomycosis and Amencan “torula memngitis”) 
caused by a yeast which has been known generally m Europe as 
Cryptococcus homvrm, m Amenca as Tonda histolytica, and the 
yeasts which cause superficial infections of the skm and mucous 
membranes, members of the Mycotorukndeae and commonly 
referred to as the “medical Monihas 

Recogmtion that yeasts isolated from cases of European blasto- 
mycosis and from Amencan torula memngitis are identical ap- 
parently was made mdependently by Benham and by Lodder in 
1934 Benham (1934) briefiy reported on the identity of strains 
called Cryptococcus hominis received from Europe with strains 
of Torula histolytica from Amenca Later, Benham (1935) com- 
pared 22 strains of this type, 12 from sources which mdicated that 
the yeast was the primary pathogen, 7 from normal skm, 2 from 
feces, and 1 from a sarcoma These proved alike m morphological 
and cultural characters The 12 pathogemc strains produced 
lesions m rats, the other 10 did not except m vitamin-deficient 

» We are, of course, including in this discussion only those pathogenic fungi 
which may legitimately be called yeasts, and excluding those with yoast-hko 
growth forms in the body which grow as mycelial molds in cultures (Blastomyces, 
Goccidioides, Paracoccidiotdes, Sporolrtchum, Htstoplasma) The Mycolorulotdcae 
are omitted from this review 
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rats She concluded that the difiference in pathogenicity is one 
of degree only Strains from deep-seated lesions grew well 
at 37°, while strains from the skm surface grew poorly or not at 
all at this temperature Agglutmation and absorption of ag- 
glutmin tests mdicated complete identity of the Busse-Buschke 
stram of Crypiococcus hominis with the Freeman-Weidmann 
stram of Tonda histolytica Benham recommended that all of 
these yeasts be designated Crypiococcus hominis 

Lodder (1934) found the followmg yeasts m the Centraalbureau 
collection to be identical the origmal yeast of Busse from 
European blastomycosis (Crypiococcus hominis), the yeast (Sac- 
charomyces neoformans) which Sanfelice described m 1894 as 
capable of producmg experimental tumors m animals, the Free- 
man and Weidmann stram of Torula histolyiica, a yeast isolated 
by Arzt from an ulcer of the tongue and named by him Blasto- 
myces neoformans, a yeast isolated by Meyer m 1912 from a nasal 
swelhng m a horse, and named by Hamson m 1928 Torula nasalis, 
a yeast isolated from a case of cutaneous “blastomycosis” by 
Castellam and labelled Torulopsis hominis var hondurtana 
Smce the name used by Sanfehce has priority, Lodder designated 
all of these pathogemc yeasts as Torulopsis neoformans, which 
she descnbed as follows 

“Cells round or short oval (4 to 6 5) /x x (4 to 7 5) n, single or m pairs 
A sediment m wort, with a ring £ind after a long time a thm pelhcle 
No fermentation Dextrose, levulose, mEinnose, galactose, saccharose 
and maltose may be utilized as the sole sources of carbon in synthetic 
media Of the mtrogen sources tested, a mm onium sulphate, asparagm, 
urea and peptone were utilized Good growth with ethyl alcohol as 
the growth substrate Agar stroke cultures (75 days at 15°C ) yellow- 
ish, soft, moist, shmy, mucoid, smooth, with a smooth border ” 

The reviewer would like to add to this description the occurrence 
of a hght tan color with a shghtly rosy cast on 5 per cent dextrose, 
1 per cent Bacto-peptone agar Such a color may appear m old 
cultures of other yeasts, but has been present after a few days m 
ull of the strains of Torulopsis neoformans which I have studied 
Another important diagnostic character is the development of 
voluminous capsules about the yeast m infected tissues 



168 


ARTHUB T HBNRICI 


A further step in estabhshmg the identity of this yeast was 
made by Todd and Herrmann (1936) who described the formation 
of ascospores Studymg two strains (one isolated at the Uni- 
versity of Iowa, the other from Minnesota) from cases of tonila 
menmgitis, they observed spore formation m cultures aged until 
the medium began to dry (3 to 6 weeks) usmg Sabouraud’s glucose 
or maltose agar The smgle spores and then asci are somewhat 
different from those found m any other described yeasts The 
spore IS contamed withm a cell with greatly thickened walls, and 
IS excentnc m position The ascus may become heart-shaped, 
with the spore occupymg the apex of the heart, from which it is 
discharged at maturity They noted the development of two 
sorts of cells m the agmg cultures, a small thm-walled cell, and a 
large thick-walled cell, and observed the fusion of these m hanging 
drop cultures A life cycle is descnbed and illustrated, rather 
comphcated m that the ascospore appears to bud off several cells 
before it finally throws off the "hull” of the ascus Smce the 
yeasts they studied formed smgle spores by heterogamous con- 
jugation they referred them to the genus Debaryomyces and 
suggested that the sporogenous pathogemc yeasts be called 
Debaryomyces homirns 

I had no diflSculty m venfymg the observations of Todd and 
Herrmann with the stram which I had furnished them, and with 
another stram isolated later from a case of “torula menmgitis ” 
No such structures appeared, however, m a yeast otherwise 
identical isolated from a myxoma-hke lesion of the thigh Todd 
and Herrmann reported finding spores m 8 other strains, mcluding 
the Freeman-Weidmann stram which had been studied by Ben- 
ham and by Lodder 

The observations of Todd and Herrmann were confirmed by 
RedaeUi, Cifem and Giordano (1937) They studied 19 strains 
from cases of menmgitis and encephahtis (all originally labelled 
Torula histolyHea), Sanfehce’s ongmal stram of Cryptococcus 
neoformans, the Cryptococcus pstchrophihcus of Nmo, and the 
Tonda nasahs of Harrison Wth all of these the formation of 
smgle spores was observed essentially as descnbed by Todd and 
Herrmann, except that conjugation appeared at times to be 
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isogamous as well as heterogamous The formation and hbera- 
tion of buds by the ascospore while still withm the ascus they 
consider to be a procedure for extrudmg excess fat (“exosmose 
par blastospores”) The Italian authors also noted with some 
strains a warty wall characteristic of the spores of D^aryomyces 
Takmg recogmtion of the synonymy previously established by 
Benham and by Lodder, they propose Debaryomyces neoformans 
as the proper scientific name for these pathogemc yeasts, and this 
appears to me to be the vahd name for most of them 

This yeast was studied further in extenso by Giordano (1938) 
from the standpomt of taxonomy, physiology and pathogemcity 
Some 29 strains were examined Srxty-eight synonyms are listed! 
The formation of ascospores is reconfirmed Giordano pomts 
out the analogy between the pathogemc yeasts in question, and 
the apiculate yeasts, m both groups some strains form spores, 
while other strains otherwise identical do not Are they to be 
listed m separate genera*? Giordano beheves that a careful study 
will show fewer and fewer asporogenous strains A large part of 
this paper is devoted to a study of the lesions m experimentally 
inoculated animals 

Of the yeasts described as pathogemc which do not fall m 
synonymy with Debaryomyces neoformans, nearly all may be 
dismissed (exceptmg the “medical Monihas”) as lackmg proof of 
pathogemcity They have been isolated from superficial lesions 
where they may well have been simple contannnants, and are not 
pathogemc to laboratory animals One further species, however, 
deserves some consideration This is a yeast first isolated by 
Anderson m 1917 from feces and named by him Cryptococcus 
ghbratus It was reisolated from the mtestmes by Benham 
(1935) who not only found identical cultural characters but also 
complete reciprocal absorption of agglutinins with Anderson’s 
stram It was nonpathogemc for rabbits Black and Fisher 
(1937) reported isolatmg this yeast (m large numbers) from 
the nasopharynx of a boy suffering from bronchopneumoma, the 
cultures were made to obtam pneumococci for typmg, smce no 
sputum was obtamed Their stram did not kill rats, but pro- 
duced lesions m the omentum from which the yeast was reisolated 
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Lodder and de Vnes (1939) studied five strams of this yeast 
Anderson’s original strain, one which had been descnbed by 
Ota m 1924 and was derived ongmally from the Dermatologic 
Clmic at Bern, one from an ulcer of the vulva, one from urme 
of a diabetic, and finally one from sputum m a patient suspected 
of tuberculosis It should be noted that the patient with the 
ulcer of the vulva gave a positive skm test to this yeast while 
other persons gave negative reactions, and that the yeast was 
isolated from the sputum of the pulmonary case m large numbers 
on three occasions over six months, and that m spite of extensive 
x-ray findings no tubercle baciUi were found Five rats were 
moculated mtracardially with each of the five strams Of these 25 
rats, five died after some months, with pleural lesions, and the 
yeasts were reisolated from the lungs This yeast therefore ap- 
pears to be of frequent occurrence m man and may be pathogemc 
It should be kept m mmd by those who have occasion to study 
yeast infections Lodder proposed changmg the name to 
Tondopsts glabrata It differs from Deharyomyces neoformans 
especially m its abihty to ferment dextrose, levulose and mannose 
with the production of gas, galactose, sucrose, maltose and lactose 
are not fermented Alcohol is not utihzed 

PUyrosporum 

In spite of the fact that this organism has been known smce 
1874 to be commonly present m the skm, especially of the scalp, 
and thought by some to be the cause of seborrhoeic dermatitis, 
it remains somewhat of a mystery Commonly called the “bottle 
bacillus” it IS said to have been named PUyrosporum Malassezi 
by Sabouraud m 1895, but accordmg to Lodder (1934) the origmal 
pubhcation m which this name was given cannot be found A 
number of microorganisms have been cultivated from the skin 
and have been said to be the true PUyrosporum, but they differ 
among themselves Lodder (1934) descnbes three species in the 
Centraalbureau collection P Malassezi, isolated by Benedek 
from a case of pitynasis capitis, P pachydermatis isolated by 
Weidman from the skm of a rhmoceros , and P rhinoserum origi- 
nally from Sabouraud’s laboratory The latter was found to be 
identical with P pachydermatis 
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The organism which Sabouraud is said to have named Pityro- 
sporum Malassezi is most frequently referred to as Pztyrosporum 
ovale smce it is thought to be identical with one which had 
previously been descnbed by Bizzozzero as Saccharomyces ovalts 
The organism isolated by Benedek (1930) from dandruff scales 
m maltose broth hangmg-drop cultures is descnbed by Lodder 
(1934) as follows “Growth very slow Cells short-oval, oval, 
or flask-shaped (2 5 to 3 8) x (4 to 5 5) n, smgle or m pairs or 
rarely m threes Buddmg frequently on a broad base In 
wort no rmg or sediment No fermentation No growth on 
ethyl alcohol medium Wort-agar stroke culture hardly visible, 
matte, not differentiated m color from the agar ” 

Ota and Huang (1933) isolated an organism which may be 
identical with that of Benedek Scales were soaked m 60 per 
cent alcohol and after washmg m the condensation water, placed 
on the surface of agar slants containing butter or lecithm m the 
medium 

Moore (1935) rejected the organism descnbed by Benedek 
because it is too large The organism as it occurs m dandruff 
scales was given dimensions of (0 8 to 1 5) m x (2 to 3) /i by Benham 
(1939) Moore made cultures on Difco wort agar A vanety of 
common molds grew as well as the yeast which he descnbes 
The latter vaned considerably m morphology, and the morphology 
was different on different media The growth on agar was 
pinkish to buff Cultural characters on a vanety of media are 
descnbed Acid, no gas, was formed from galactose, dextrose, 
d-mannose, levulose, maltose, sucrose and mehtose 
Moore, Kile, Engman and Engman (1936) reported further on 
the organism which Moore had isolated They note that the 
organism is also variable m morphology m the scales of epidermis 
accordmg to the acuteness or chromcity of the disease Inocula-^ 
tion by scarification gave reactions m patients, rabbits and 
gumea pigs 

Benham (1939) studied cultures isolated by Moore and found 
them to fall m her group III of “Cryptococci” which we have 
noted previously appears to be identical with Debaryomyces neo- 
forrmns The organism of Moore fell m the nonpathogemc sub- 
group, not growing at 37° Benham isolated a vanety of yeasts 
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from seborrhoeic scalps on wort agar, among them a very small 
oval one which failed at first to grow on subcultures When 
ether washmgs of the scalp and ether extracts of comedones were 
added to the medium, growth continued With this clue a vanety 
of fatty materials were studied Eight strains of the yeast were 
isolated from 30 cases Although on ordmary wort agar growth 
IS shght and transparent, as described by Lodder, a nch growth 
IS obtamed on media contammg fatty materials Lanohn, butter 
and steanc acid were especially favorable, pork fat, chicken fat 
and linseed oil gave a lesser growth, while a number of other oily 
substances gave only poor or no growth The cells are small 
(2 to 3) M X (4 to 5) fi, often flask-shaped, the buds with a broad 
base, often separated from the parent cell by a cross wall as m 
Saccharomycodes or ScJiizoblastosponon 

Emmons (1940) found that an organism identical with that of 
Benham and of Ota and Huang could be readily isolated m dex- 
trose broth contammg glycerol Bactenal growth is entirely 
inhibited at 28 per cent glycerol, while P ovale contmues growth 
up to 48 per cent In these primary cultures the organism grows 
on nutrients provided by the epidermal scales Subcultures 
would not grow in any concentration of the glycerol-broth 
Subcultures grew readily on acid dextrose agar over which an 
ether extract of lanolm or oleic acid had been spread Mor- 
phologically and culturally the strains isolated by Emmons ap- 
peared to be the same as those descnbed by Benham, not at all 
like those isolated by Moore 

It appears that the organisms isolated by Benedek, Ota and 
Huang, Benham and Emmons are sufiBciently ahke to be con- 
sidered identical, and to be so hke the organism that is found m 
dandruff scales that they may be considered to be the true Piiyro- 
sporum ovale Wliether this organism is the cause of seborrhoeic 
dermatitis is, however, doubtful The disease itself is so vague 
and vanable as seriously to limit critical experimentation Ap- 
parently identical lesions have been produced by scarification 
moculation of widely different organisms PUyrosporum may 
be found on normal skin, especially m the sebaceous glands 
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It 18 quite impossible to mclude all of the hterature of this sub- 
ject m the space available here Accordmgly, this review is 
limited to the pubhcations dealmg with non-protoplasmic cell 
mclusions, the problem of the nucleus, the cytology of repro- 
ductive bodies, the cell waU and cytoplasmic membrane and the 
flagella The last comprehensive review, "Die Zelle der Bak- 
tenen” by Arthur Meyer, was pubhshed m 1912 Smce that 
tune new methods of mvestigation have been developed, and 
many additional papers have appeared A bnef review by 
Knaysi (86) mcludes much of the more recent hterature 

It must be understood at the outset that the subjects to be 
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treated have long been the cause of much controversy and that 
many confhctmg reports have been published The subject is 
difficult, and while it is obvious that many errors have been made 
m the past, there is probably no one who is fully competent to 
evaluate all the conffictmg reports My aim has been to present 
both sides of controversial matters as impartially as possible and 
to draw such conclusions as the evidence appears to warrant 

Accordmg to modern cytological termmology, a plant cell con- 
sists essentially of a nucleated mass of cytoplasm, the protoplast, 
surrounded by a cell wall The surface of the protoplast is a semi- 
permeable cytoplasmic membrane Additional structures such 
as plastids, non-protoplasmic cell mclusion bodies, centrosomes, 
blepharoplasts and chondriosomes may occur m some cells 
With some reservations concermng the presence of a visible nu- 
cleus, we may assume that the bacterial body is a cell, comparable 
to the cells of other fungi Accordmgly, the terms bacterial 
cell, protoplast, cytoplasmic membrane, cell wall, and cell mclu- 
sion bodies will be employed throughout this review 

I. CELL INCLUSIONS 

The term cell mclusions is quite generally employed by cytolo- 
gists to denote certam non-protoplasmic bodies which are de- 
posited m the protoplast Such bodies occur m cells of higher 
green plants, algae, yeasts, higher fungi and bactena They are 
generally absent from young actively growmg cells but are 
formed de novo as the cells become older Sap vacuoles, fat drop- 
lets, grains of volutm, starch, aleurone, glycogen, logen, sulphur, 
and mmeral crystals are appropnately spoken of as cell mclu- 
sions Inclusion bodies may occur withm the sap vacuoles or 
they may be embedded m the cytoplasm 

The occurrence of granules m bacterial cells has been known 
smce the early work of Koch (90) who observed highly retractile 
bodies m unstamed cells of Mycobacienum iuheraidosis Babes 
(10) and Ernst (41, 42) reported stamable granules in various 
species of bactena Many papers have smce been published and 
almost every conceivable opmion has been expressed concemmg 
the nature, ongm and biological significance of bacterial granules 
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They have been identified as spores, sporoids, spore primordia, 
gonidia, gametes, nuclei, chromatm granules, and non-proto- 
plasnuc inclusions 

Fischer (45) took the extreme position that all granules of bac- 
tena are cell mclusions consistmg of reserve materials Although 
this view has been questioned by many mvestigators, there are 
very good reasons to beheve that many of the bodies which have 
been descnbed as nuclei, chromidia, and gomdia were nothmg 
but non-protoplasmic cell mclusions 
Our knowledge of bacterial cell mclusions had its beginmng m 
the work of Meyer (116) who mtroduced accurate microchemical 
methods of study We now know that many bacteria contam 
fat bodies, grams of volutm, glycogen, logen and sap vacuoles 
Sulphur and mineral crystals are found m the sulphur bactena 
We may now consider the various mclusions m detail 
1 Fat bodies Fat occurs m some bactena as highly retractile, 
sphencal, oval, or elongated bodies which resemble endospores 
and were erroneously identified as spores by some early mvesti- 
gators The bodies are variable m size and form, but are gener- 
ally sphencal They may reach a diameter equal to that of the 
cell or may even extend the dimensions of the cell body They 
are usually Imed up m a row m the median axis but may be 
scattered throughout the cytoplasm When numerous, they be- 
come somewhat flattened and limit the cytoplasm to thm lamel- 
lae 

Fat bodies are not stamable by any of the methods usually em- 
ployed for staining bactenal cells They appear, therefore, as 
clear spaces m cells stamed with aqueous solutions of anilme dyes 
and for this reason have been mistaken, at tunes, for endospores 
or vacuoles Various methods are now known by which fat drop- 
lets may be stamed selectively Meyer (117) employed Sudan 
III, alkanm, and dimethylamidoazobenzol, but more satisfactory 
dyes are now known Other dyes of the Sudan senes have been 
found satisfactory for stainmg bacterial fat The new compoimd 
Sudan black B, was tested by Hartman (66) and proved to be 
greatly supenor to the earher dyes This new dye, when dis- 
solved m pure ethylene glycol, is stable mdefimtely, and is almost 
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free from the troublesome precipitates which are unavoidable m 
some methods of fat stainmg It stains the fat droplets of bac- 
teria and yeasts quickly, intensely and selectively 
The naphthol blue method discovered by Dietnch and Lieber- 
meister (31) and modified by others (21, 38, 120, 164), has been 
employed extensively for stainmg fat bodies m bacteria, yeasts, 
and fungi Eisenberg (38) found that certam anihne dyes, which 
stam the cell membrane and cytoplasm but not the fat bodies, may 
be treated with various precipitatmg agents to obtam useful fat 
dyes When cells contammg fat bodies are placed m a dilute 
aqueous solution of Nile blue sulphate, the bodies remam un- 
stamed, but upon addition of alkah, an orange-red precipitate is 
formed and the fat bodies are stamed selectively Similarly, the 
precipitates formed by treatmg an aqueous solution of basic fuch- 
sm with lodme, picnc acid, alkahne phenol, or alkahne a-naph- 
thol may be used as fat dyes Although the precipitates are 
soluble m alcohol and may be employed as dilute alcohohc solu- 
tions, better results are obtamed by suspendmg the cells m the 
precipitatmg agent and addmg an equal volume of dilute basic 
fuchsm The stainmg action appears to depend on lipoidal 
solubihty of the precipitates, they stam fat bodies by dissolvmg in 
them and saturatmg them with the dye The same is true of 
mdophenol blue, the dye synthesized m Dietnch and Lieber- 
meister’s method It should be noted that dried fixed films are 
not suitable for any of these fat stammg methods 
The species of bacteria which deposit fat are shown m table 1 
The hst is probably mcomplete and there may have been some 
erroneous reports The record shows that fat bodies occur m 
some species of Bacillus but not m others, that all species of 
Spirillum, Azotobacter and Rhizobium have been found positive, 
and that fat bodies have not been reported m the corynebacteria, 
clostndia or any of the coccaceae 

There is stiU some controversy concemmg the occurrence of 
fat bodies m mycobacteria Dorset (36) reported successful 
stammg of tubercle bacilh with Sudan III and thought he had 
discovered a useful method for diagnosis He described the 
stamed cells as beaded rods However, LeDoux (94) could not 
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TABLE 1 

The occurrence of glycogen, fat and volultn tn certain bacterial species 


Azotobacler betjerinckit 
Azotobader chroococcum 
Bacillus alvei 
Bacillus anihraciB 
Bacillus asterosporus 
Bacillus carolarum 
Bacillus cohaerens 
Bacillus elleribachensis 
Bacillus fusiformts 
Bacillus graveolens 
Bacillus lacticola 
Bacillus ladis 
Bacillus megatherium 
Bacillus mycoides 
Bacillus oxalalicus 
Bacillus parvus 
Bacillus petasites 
Bacillus pumulus 
Bacillus robur 
BaciUus ruminatus 
Bacillus silvaticus 
BaciUus simplex 
Bacillus sphaericus 
Bacillus subUlts 
Bacillus teres 
Bacillus tumescens 
Badenum globtforme 
Clostridium biUyricum 
Corynebadenum dtphUiertae 
Corynebaclenum fimt 
Corynebadenum hoagii 
Corynebadenum simplex 
Corynebadenum tumescens 
Corynebadenum ulcerans 
Coryndiadertum xerose 
Lactobacillus bulgancus B 
Mycobadenum leprae 
Mycobadertum phlet 
Mycobadenum tuberculosis 
Pseudomonas sp ? 

Rhizobium japontcum 
Rhizobium leguminosarum 
Rhizobium lupint 
Rhizobium melilott 
Rhizobium tnfolxi 
Sarcina ureae 
SpinUum giganleum 
Spirillum serpens 
SpinUum tenue 
^inUum undula 
Spirillum virginianum 
SpiriUum volutans 
Streptococcus tirogenus 
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obtain satisfactory staining although he followed the same 
method Dorset was not able to obtain positive results with sev- 
eral lots of dye and concluded that success depends on some un- 
known quahty of the dye compound 
Grimme (52) stamed the refractde granules of Mycohactenum 
phlez and M iuherculosts with Sudan III and dimethylamidoazo- 
benzol and identified them, accordingly, as fat bodies Meyer 
(129) confirmed Gmnme’s results and expressed the opmion that 
most of the fat extractable from tubercle bacilh is located m the 
bodies rather than in a fatty membrane, as had been generally be- 
heved Knaysi (83) saw stamed granules m cells of tubercle 
bacilh which had been treated with Sudan III He found, how- 
ever, that the granules remamed stamable after treatment with 
fat solvents and demed their fatty nature Hartman (66) 
stamed the retractile granules of various mycobacteria with Su- 
dan black B and identified them as fat bodies 
Although some workers have reported negative results, there is 
a preponderance of evidence that mycobactena deposit fat m the 
form of defimte bodies When due allowance is made for differ- 
ences m the quality of dyes and improper techmque, there is 
httle or no conflictmg evidence 
The biological significance of fat bodies m bactena appears to 
be the same as m other organisms They probably function as 
reserve food m some cases while m others they may denote fatty 
degeneration of the cells Gnmme (52), Preisz (153), Meyer 
(123), Lewis (97) and others have shown that the fat bodies dis- 
appear when spore formation occurs and when cells are placed on 
agar devoid of nutrients There is some evidence for the theory 
of fatty degeneration Muller and Stapp (129) and Ahnon (5) 
proved that granulated bacteroids from root nodules are not 
viable Fat formation m Endomyces vemahs has been descnbed 
recently by Heide (67) who supports the theory that the fat 
bodies fimction as reserve food 

The conditions necessary for deposition m the form of defimte 
visible droplets do not appear to be very well understood Many 
species of bactena which do not form visible droplets may con- 
tam relatively large amounts of extractable fats This phase o 
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the subject has been reviewed by Meyer (123) and by Buchanan 
and Fulmer (22) 

The occurrence of fat bodies m bacteria has been the cause of 
many erroneous mterpretations of cell structure and methods of 
reproduction Various workers, failmg to recognize the true na- 
ture of the bodies, have identified them as endospores (90), 
spore pnmordia (23), sporoids (160), endoplasts (135), and non- 
stamable gomdia (48, 104) 

Cells containing fat bodies do not stam uniformly when treated 
with protoplasmic dyes but present an appearance which has 
been frequently described as mterrupted, speckled, granulated, 
barred, beaded, banded, vacuolated and alveolar The writer 
(98-100) has shown that uneven stammg m cells of species of 
Azotdbacter, Rhizobium, and Spirillum is conditioned by non- 
stainable fat bodies embedded m the stamed c3doplasm The 
stamable compressed cytoplasm has been regarded by some m- 
vestigators as chromatm, by others as reproductive bodies 

2 Volutin Refractile granules, variously designated m the 
hterature as Babes-Emst granules, metachromatic corpuscles, 
and volutm grams, occur m many species of bacteria, yeasts, 
molds, higher fungi, and algae Accordmg to Meyer (121), they 
are not found m any group of plants above the Thallophyta 
Guilhermond (58) questioned this conclusion but offered no con- 
vmcmg proof to the contrary Such granules have been known 
in bacteria smce the early work of Ernst (1888) and Babes (1889) 
The latter (11) observed red granules m cells of bacteria which 
had been stamed with methylene blue He mtroduced the term 
metachromatic corpuscles to designate this pecuhar stam m g re- 
action The term volutm, now almost umversally employed, 
was proposed by Grimme (52) to designate the stamable granules 
of Spirillum volutans 

Volutm IS a viscous substance which may occur m the form of 
tmy droplets, large globoids, irregular bodies or elongated threads 
(121) The bodies are somewhat more retractile than cytoplasm, 
but they are less retractile than fat bodies and spores The 
prmcipal tests by which volutm is distmguished from other cell 
mclusions and protoplasnuc structures were given by G nmm e 
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(52) and Meyer (121) These granules dissolve and disappear 
from cells in water at 80° within 5 mmutes, and still more quickly 
m boilmg water They are readily soluble m strong or dilute 
solutions of alkahes, m 5 per cent sulphunc acid, fresh Javelle 
water, and chloral hydrate, but not m picnc acid, ether, chloro- 
form, alcohol, tr3q)sm, pepsm or 1 0 per cent sulphuric acid 
When the cells are fixed by formaldehyde, osmic acid, alcohol, or 
the usual method of heatmg dried films, the granules resist sol- 
vents 

Volutm grams stam more mtensely than cytoplasm with basic 
amhne dyes, but they do not stam with fat dyes Heucke and 
Henneberg (71) have shown that neutral red, 0 001 to 0 005 per 
cent m water, stams the bodies inlra vtlam but has no staining 
capacity for cytoplasm Similarly, dilute aqueous solution of 
methylene blue causes mtense stammg of the granules with httle 
or no action on cytoplasm They are markedly resistant to the 
destammg action of 1 per cent sulphuric, hydrochloric or acetic 
acid Differential staining of the granules and cytoplasm may be 
accomplished by staining with methylene blue, destaimng with 
1 0 per cent sulphunc acid and counterstaimng with a contrast 
dye The replacement dye, vesuvm, may be employed as m 
Ernst’s first method (41) to effect differential stammg of granules 
and cytoplasm He stamed fixed films with methylene blue and, 
after rmsmg mth water, coimterstamed them with vesuvm 
The deep blue granules stand out sharply m the yellowish cell 
body Safranin may be substituted for vesuvm Contrast 
staimng is attamed also by treatmg fixed stamed films with methy- 
lene blue and Lugol’s lodme solution which causes blackenmg of 
the volutm bodies 

Vanous special methods have been devised for stammg the 
granules of diphthena baciUi and have been widely used for diag- 
nostic purposes The methods of Neisser (133), Albrecht (2), 
and Albert (1), have been found useful 

The biological significance of volutm was not well understood 
by the earliest mvestigators, and almost every conceivable fun^ 
tion was assigned to it Ernst (41) spoke of the deeply stamed 
bodies as spores Neisser (132) reported acid-fastness and re- 
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garded the granules as true spores Ernst (42) reversed his 
former opinion and introduced the term sporogemc granules 
Accordmg to his conception, the granules consist of nuclear ma- 
terial and participate directly m the formation of spores by fusmg 
together This theory of spore formation has been widely held 
by many subsequent mvestigators, but there is no reason to be- 
heve that volutm bodies consist of nuclear matenal or that they 
participate m the formation of spores by fusion Babes (10) saw 
no analogy between the granules and true spores He seems to 
have reached no very defimte opmion concernmg their fimction, 
but suggested a possible relation to cell division and spore forma- 
tion Marx and Woithe (110) favored the idea that the granules 
function m cell division but opposed Ernst’s theory of spore forma- 
tion They spoke m favor of a correlation between virulence and 
the presence of granules m pathogenic species This theory of 
toxigenic granules was attacked and discredited by Krompecher 
(92), and others (44, 47) Volutm has been frequently confused 
with nuclei, chromidia, compressed cytoplasm, spore pnmordia 
and gomdia 

The true significance of volutm m bacteria appears to have 
been first recognized by Grimme (52) who spoke of it as a reserve 
food compound GuiUiermond (58) reached the same conclusion 
concernmg the function of volutm m yeasts and other fungi 
Meyer (121), who had previously discussed the function of fat, 
glycogen, and logen m bacteria, supported Grimme’s explanation 

It IS now well known that volutm grams are not permanent or- 
gans of the cell, they arise de novo m cells of some species but 
never occur m others The deposition of volutm m bacteria de- 
pends on the species, the age of the cells, and to some extent on 
the culture medium They are not found m very young actively 
growmg cells but may become abundant as the cells mature 
Zikes (202) showed that the culture medium must contam phos- 
phate In spore-formmg species, the granules reach their great- 
est abundance just precedmg spore formation and disappear 
during the ripenmg of the spore For these reasons, volutm must 
be considered as a storage product which functions as reserve 
food 
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The chemistry of volutm has not been studied very extensively 
Meyer (121) noted marked similanty between some nucro- 
chemical reactions of volutm grams and nucleic acid extracted 
from yeast He concluded that the substance is a nucleic acid 
compound which differs from the nucleoprotem found m the 
chromatm of nuclei He reasoned logically that volutm from 
various species might differ m precise composition m much the 
same manner as fats differ Accordmg to Schumacher (166), 
free nucleic acid becomes green when treated with methylene 
blue and cbrysanihn while nucleoprotems become yellow Smce 
the granules of diphthena bacilh take the green color when 
stamed by this method, they should consist of free nucleic acid 
Glaubitz (49) was not able to obtam a positive Schumacher test 
for nucleic acid m the volutm grams of yeast Zikes (202) 
studied the chemistry of volutm by macrochemical methods and 
identified it as a nucleoprotem Although the chemical nature of 
volutm may not be fully known, it can be identified by a senes of 
microchemical tests which serve to distmguish it from all other 
cell mclusions and protoplasmic structures 

The bactenal species which deposit grams of volutm are shown 
m table 1 It is by no means probable that the hst is complete or 
that all the ongmal detennmations were correct Pnor to the 
studies by Grimme and Meyer, methods of identification were not 
very rehable and errors are to be expected It appears from the 
record that volutm occurs m aU species of SpinUum and Azoto- 
hacter, m some species of Bacillus, AerobaciUiLS, Lactobacillus, 
Corynehactenum, Pseudomonas, and Mycobactenum, but not m 
Rhtzobium and Sarcina 

The wnter doubts the occurrence of volutm m mycobacteria 
although Babes (12) and Gufihermond (59) reported its presence 
m Mycobactenum tuberculosis HoUande and Cr^rmeux (75, 76) 
also descnbed granules which resembled volutm but which 
differed from it m some respects Si m i l arly, Khaysi (83) saw 
hyperchromatic granules which were not soluble m hot water 
Accordmg to my observation volutm does not occur m any m 
several species exammed Stamable granules have been reporte 
m various species of cocci but no very cntical mvestigation con- 
cernmg then identity has been made 
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We are not specifically concerned with the occurrence of volu- 
tin in other groups of microorganisms but may call attention to 
its wide distribution m yeasts, actmomycetes, molds and higher 
fungi It appears to be present m aU species of Cyanophyceae 
where it is deposited abundantly m the central body which re- 
sembles the large sap vacuole of yeasts It has been reported m 
various protozoa by several mvestigators This wide distnbution 
of the same substance m various microorganisms seems to mdicate 
an important reserve material which functions m the same manner 
as fats, glycogen, starch and other storage compounds 

In the study of the bactenal cell, we are especially concerned 
with volutm as a cause of error m the mterpretation of cell struc- 
ture and methods of reproduction This subject will be discussed 
in detail m a subsequent section 

3 Glycogen Glycogen is a reserve or storage carbohydrate 
which occurs commonly m the cells of animal tissues, yeasts, 
molds, and some species of bacteria Accordmg to Meyer (123), 
glycogen usually occurs m the form of viscous masses which are 
somewhat retractile Microchemical tests for glycogen are less 
satisfactory than for other cell mclusions The masses become 
reddish brown m strong Lugol's lodme solution and are, therefore, 
distmguished from the yellowish cytoplasm 

Glycogen has been reported m several species of Bacillus and m 
Clostridium butyncum as shown m table 1 

The retractile granules of Azotobacter were identified erroneously 
as glycogen by Hemze (68) Muller and Stapp (129) were not 
able to confirm this report by precise macrochemical methods of 
study Similarly, Hiltner (72) reported glycogen m bacteroids of 
some rhizobia, but the identification was not confirmed (99, 171) 

4 logen Small retractile granules which stam blue with lo- 
dme have been known since the early work of Tr6cul (1865) 
Beijennck (16) employed the term granulose which is stiU pre- 
ferred by many bactenologists Meyer (117, 123) mcluded all 
carbohydrates of bacteria imder the terms lOgen and glycogen 
and distmguished between them by differences m the reaction 
With lodme Gray (51) identified as starch grams the granules of 
Escherichia coh which stam blue with lodme Svartz ((179) and m 
earher papers) studied the lodophihc granules of mtestmal clostn- 
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dia The occurence of this compound m various species, espe- 
cially in the genus Clostridium, has been established logen 
appears to serve as reserve food 

II. THE NUCLEUS 

The question of the presence or absence of a bacterial nucleus, 
its nature, and the forms which it may assume, if present, has 
long been a subject of mterest to cytologists, but no wholly satis- 
factory answer has yet been found Many of the earlier workers 
assumed that the bacteria, standmg as they do at the threshold of 
organized hvmg matter, may lack some of the characteristic 
structures which occur normally m the cells of higher plants and 
animals Haeckel mtroduced the term cytode to denote such 
cell-hke organisms This doctnne was acceptable to Fischer 
(45), Migula (124) and other early bacteriologists who regarded 
bacteria as non-nucleated orgamsms The volummous hterature 
which has appeared durmg the past fifty years shows, however, 
that the theory has not been generally accepted Henrici (69) 
said "It satisfies the facts as we know them, but it does not 
satisfy the mind ” There are some cytologists, perhaps many, 
who would challenge the statement, that the theory of no nucleus 
satisfies the known facts, but there is no doubt that it fails to 
satisfy the mind Theoretically, it seems, we should expect to 
find a true nucleus or a functional equivalent m the ceUs of bac- 
tena 

The hterature of the subject is truly volummous, frequently 
contradictory, and highly controversial, it is impossible to recon- 
cile the numerous conflictmg reports and theones which have been 
based on the study of Bacillus anthracis alone This much, how- 
ever, is certam cell mclusions, immature spores, and cytoplasmic 
structures have been frequently mistaken for nuclei, m some cases 
the orgamsms studied were not true bacteria, and the methods em- 
ployed were not always suitable for cytological study It is also 
true that some mvestigators, madequately framed and without 
previous cytological experience, were not properly prepared for 
such a difficult undertakmg For all of these reasons, much of 
the old uncntical work is of httle value, and need not concern us 

here 
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We may convemently divide the theories concemmg the nu- 
cleus of bacteria mto the following groups 

1 The bacteria do not possess a nucleus or its eqmvalent 

2 The cell is differentiated mto a chromatm-containmg cen- 
tral body and penpheral cytoplasm 

3 The bacterial body is a nucleus devoid of cytoplasm a naked 
nucleus or nuclear cell 

4 The nucleus consists of several ehromatm bodies, a chromi- 
dial system, scattered throughout the cytoplasm 

5 The form of the nucleus is not constant throughout the 
growth cycle, it may occur as a discrete spherical body, an 
elongated ehromatm thread, or scattered chromidia depend- 
mg on the stage of development a polymorphic nucleus 

6 The nuclear substance consists of fine particles of ehromatm 
dispersed uniformly m the cytoplasm but is not distmguish- 
able as morphological umts a diffuse nucleus 

7 The protoplast contains one or more true vesicular nuclei 

8 The nucleus is a naked mvisible gene strmg, or a chromatm- 
encrusted gene strmg analogous to a smgle chromosome 

1 No nucleus or equivalent Among the early workers, Fischer 
(45) was the most able advocate of the theory that a bacterial cell 
possesses no nucleus He wrote as follows “The bacterial cell 
then, mterpreted m the hght of the above facts is a simple proto- 
plast enclosed withm a ceU-membrane but devoid of a nucleus ” 
In another connection, he said “The general conclusion to which 
all these observations lead us is that the bacterial cell-contents are 
a mass of protoplasm representmg an osmotic system precisely 
hke that of the cells of higher plants, but, unlike them, havmg no 
nucleus ” He saw granules m various species of bacteria, but he 
regarded them as reser\’'e mclusion bodies rather than nuclei 
Migula (124) appears to have reached similar conclusions although 
he expressed his news m somewhat guarded terms Wamoscher 
(191) studied several species by micrurgical methods, and saw 
nothing which could be mterpreted as a nucleus Roman (158) 
found no nucleus in Mycobacterium tuberculosis Alexieff (3) de- 
nied the occurrence of chromatin m the cells of bactena and 
Cyanophyceae 
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2 The central body Butschh (25) advocated the theory that 
the bacterial cell, like the cells of Cyanophyceae, is differentiated 
into a dense nucleus-like organ, the central body, and a peripheral 
layer of c 3 d;oplasm He saw complete analogy m the structure 
of Spirillum volutans and a species of Osallatona although, ac- 
cordmg to his observation, the c 3 doplasm m S volutans is reduced 
to a thm outer layer and two polar caps from which the flagella 
arise The occurrence of deeply stamable chromosome-hke bodies 
m the central portion of bacterial and cyanophycean cells gave him 
complete assurance that the central body is the homologue of a 
true nucleus 

The nature of the central body, a promment vacuole-hke struc- 
ture which occurs m aU species of Cyanophyceae, has long been a 
controversial matter among botanists This cell organ resembles 
a true nucleus m certam characteristics it occurs m every cell as a 
defimte, relatively large, sphencal body, it contains chromosome- 
hke granules, and it divides simultaneously with division of the 
cell For these reasons, many botanists have regarded it as a 
primitive nucleus which differs from a true nucleus m one impor- 
tant respect, namely, the absence of a nuclear membrane Others, 
notably Meyer (121), objected to this mterpretation Accordmg 
to Meyer, the central body is not a nucleus but a large central sap 
vacuole which contams volutm and is, therefore, comparable to 
the vacuole of yeasts More recently, HoUande (73) descnbed 
deeply stamable granules, nucleosomes, which occur among the 
volutm grams Accordmg to his mterpretation, the “nucleosome 
apparatus” is a protoplasmic secretion Whatever may be the 
final outcome of the controversy concemmg the central body m 
the Cyanophyceae, evidence is not suflScient to warrant the 
assumption that an homologous cell organ occurs m any of the 
true bactena 

Zettnow, m his early writmgs (197-200), descnbed the bac- 
terial cell as a structure which consists essentially of a central 
chromatm-contammg portion, the endoplasm, surrounded by a 
thm envelope, the ectoplasm In large spuilla and m some bacil- 
lary species, he saw well-differentiated chromatm bodies, but m 
vanous species of small bactena the chromatm appeared to be 
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more finely divided and diffused in the endoplasm Later, 
Zettnow (201) concluded that the bodies he had formerly called 
chromidia were grams of volutm and that chromatm, if present, is 
m the form of mmute mvisible particles uniformly dispersed m the 
cytoplasm The terms endoplasm and ectoplasm are still em- 
ployed by some bacteriologists 

Petit (141) found volutm bodies m the cells of Chromattum 
okemt and other sulphur bactena but no true nucleus or central 
body A central body was present m OsciUospira gmUiermondi, 
but he regarded this species as an alga Guilhermond (60) 
reached similar conclusions concemmg Thiod/ictyon Some sup- 
port was given to the theory of a central body m true bactena by 
Guilhermond (61) who studied Bacillus megathenum and observed 
a central organ resemblmg that of the Cyanophyceae Accordmg 
to HoUande (74) the structure described by Guilhermond is a 
metanucleosome Lewis (100) studied the structure of Spiril- 
lum voluians and other spuilla No support was foimd for the 
theory of a central body 

3 A naked nucleus The fact that the staining capacity of 
bactena is similar to that of the nucleus of ordmary cells has 
caused some mvestigators to regard the whole body as the homo- 
logue of a true nucleus This theory has been adversely cnticised 
as well as supported on theoretical grounds alone The hypoth- 
esis has been put forward that the first h\mg thmgs to arise on 
the earth consisted of imdifferentiated protoplasm similar to the 
substance of true nuclei, and that cytoplasm is the result of sub- 
sequent evolution The opponents of this idea have contended 
that the most primitive hvmg thmgs consisted of undifferentiated 
protoplasm homologous with the cytoplasm of higher organi s ms, 
and that differentiation mto cytoplasm and nucleus represents 
the final result of evolutionary development Accordmg to these 
hjqjotheses, there could be a variety of cell or cell-hke organisms 
^th different degrees of differentiation true cells with typical 
nucleus and cjdoplasm, cell-like bodies devoid of a nucleus or 
devoid of cytoplasm, and cells differentiated mto cytoplasm and a 
primitive nucleus 

Aside from smularity m stamabihtj’’, there is no substantial 
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evidence to support the theory that bacteria are naked nuclei 
Rfl2icka (159, 160) attempted to prove that the bacterial body is 
identical morphologically with true nuclei of other plants His 
claims were based prmcipally on the structure of Bacillus anthracis 
when cultivated on glycerol agar The cells failed to form endo- 
spores on this medium, when stamed, they simulated the struc- 
ture of true nuclei He described non-stamable masses of hmn 
and net-hke stamable chromatm His drawmgs bear a super- 
ficial resemblance to diagrammatic drawmgs of true nuclei, but 
there is no reason to beheve that the structures mvolved are 
related m any way Rfl2icka’s work was severely cnticized by 
Eisenberg (38), Meyer (123), and others Accordmg to Meyer, 
the cells which failed to form endospores became filled with non- 
stamable fat bodies which were mcorrectly designated as hum 
while the chromatm net was nothmg but compressed masses of 
C 3 d;oplasm lymg between the fat bodies The criticism appears to 
accord with all known facts 

Some support for the theory was afforded by Ambroz (8), a 
student of Ruzicka’s, who studied Bacillus nttn but was unable to 
add anythmg of value More recently, Kiizela (93) studied the 
structure of Bacillus anthracis and various other species of bac- 
teria by means of the Feulgen-Rossenbeck reaction Support was 
found for the analogy between the bacterial cell and the nucleus of 
ordmary cells 

The hypothesis that the most pmmtive form of hvmg things 
must have consisted of undifferentiated substance, analogous to 
that of true nuclei, appears to be logical enough smce we know 
that the nucleus is the bearer of hereditary umts and directs the 
activities of the cell However, there is no evidence that bacteria 
are representatives of such a theoretical primitive organism On 
the other hand, aU the evidence mdicates that the bactenal body 
possesses most, if not all, of the essential features of a true cell 
We are not concerned here m a theoretical discussion of hvmg 
thmgs still more primitive than the known bacteria, although it 
IS not demed that such organisms may have existed or may still 

exist , 

4 A chrormdial system The theory that the bacterial nucleus 

consists of visible chromatm bodies, a chromidial system, scat- 
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tered throughout the cytoplasm has been advocated by many 
cytologists but has not gone unchallenged The theory seems to 
have had its mception m the early work of Ernst (42) who ob- 
served stainable bodies m various species of bacteria Support 
was given by R Hertwig (70), who observed scattered chromidia 
m the cytoplasm of certam nucleated protozoan cells Reasomng 
by analogy, he proposed that the nucleus of the bacteria and 
Cyanophyceae consists of a chromidial system His exact lan- 
guage IS of mterest for it marked the beginmng of a theory which 
attracted many advocates and which is at present one of the most 
generally accepted theories concemmg the nucleus of bacterial 
cells He wrote ‘T have assembled above a number of examples 
m which chromatic material, which is diffusely distributed 
throughout the cell, is present m addition to the cell nucleus, and 
which temporarily substitutes solely for the nuclear apparatus 
Herewith we have the possibihty of organisms which have perhaps 
no true permanent nuclei but, m heu of nuclei, chromatm bodies 
which are mterspersed wholly or partly m the protoplasm Bac- 
tena and Oscillaiorta seem to me to be such organisms ” 

Schaudinn (162) studied a giant species, Bacillus butschhi, 
from the mtestmal contents of the kitchen roach, Penplaneta 
onenialis He saw no differentiation mto central body and periph- 
eral cytoplasm comparable to that described by Butschh for 
SpinUum volutans On the other hand, the cell contents con- 
sisted of alveolar cytoplasm m which there were scattered chroma- 
tm bodies durmg the greater part of the life history A violent 
fountam-like streammg of the granules which contmued for sev- 
eral inmutes occurred m cells immediately precedmg spore forma- 
tion As the strea min g gradually subsided, the granules became 
arranged in the form of a wreath-hke filament extendmg from 
pole to pole m the median axis of the cell A few of the granules 
m the polar position then umted to form a rather large nucleus- 
hke body which he regarded as a true nucleus and the beginmng of 
the spore Accordmg to his mterpretation, the cell nucleus con- 
sists of scattered chronudia durmg the vegetative phase of the 
life history, and a true nucleus is organized only at the time of 
spore formation 

There are very good reasons to doubt his identification of the 
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stainable granules as chromatin bodies Unfortunately, he made 
no microchemical tests to determme their nature, and smce the 
organism could not be cultivated and has not been smce by other 
mvestigators who have searched for it m the animal host, the pre- 
cise nature of the bodies is not known Conce rnin g the behavior 
of the granules he said “Dunng its development easy distmction 
IS made between the nucleus and C 3 d;oplasm Dunng the period 
of the mactive spores, this differentiation is lost (how, we do not 
know), for the young sporelmgs show no separation of nucleus and 
protoplasm ” We now know that such behavior is typical for 
spore-formmg species which deposit volutm, and there seems, 
therefore, httle reason to doubt that the granules of B hUtschlii 
were grams of volutm More recently, Lmdegren (102) suggested 
that the granules might have been true nuclei produced by multi- 
ple division, but their behavior, ongm de novo m the vegetative 
cells, does not support this view The organization of a true nu- 
cleus at the time of spore formation may also be questioned 
This will be discussed m a subsequent section In the hght of 
more recent mvestigations and m view of the fact that Schaudmn’s 
theory of the nucleus has been widely accepted, the severe cnti- 
cism by Meyer (118, 119) together with the reply by Schaudinn 
(163) IS of great mterest 

Guilhermond (55-57, 59-62) over a penod of many years has 
been the most able advocate of the chromidial theory He 
studied various species and, at tunes, seemed to give some sup- 
port to the notion of a central body, but he always mamtamed 
that the bacteria do not possess a typical nucleus hke that of 
higher plants In 1917, he said “The conclusion, to my mmd, 
would be that while some bacteria may contam a rudimentary 
nucleus whose existence is nowhere else precisely demonstrated, 
so far, m the great majonty of species, nothmg more has been 
found than a diffuse nucleus consistmg only of grains of chro- 
matm scattered through the cytoplasm ” 

In his study of various spore-formmg species. Bacillus my- 
cotdes, Bacillus radicosus and others, GmUiermond (55) observed 
that young cells present a homogeneous appearance and are uni- 
formly stamed with no great differentiation Toward the eighth 



THE CYTOLOGY OF BACTERIA 


199 


hour of development, the cells show clearly then structme which 
IS changed m appearance, the cytoplasm becomes vacuolated and 
displays a fine alveolar structure The web contams m its meshes 
small, highly stamable granules which seem to consist of chro- 
matm To one who has become famihar with the structure of 
B mycoides, at different stages of the growth cycle, it is obvious 
that the description is accurate, but the identification of chromatm 
bodies IS erroneous The change from the homogeneous structure 
of young cells to the vacuolated alveolar condition of older cells, 
m this species, is due to the deposition of fat bodies, while the so- 
called chromatic bodies are compressed cytoplasm Mend (115) 
studied the cell structure of Azotohacter chroococcum He ob- 
served that the cell body shows a characteristic honey-comb 
appearance m which the lattice-like walls are dull, while the en- 
closed spaces are filled with a highly refractile mass This is a 
very good description of old, fat-filled cells of this species He 
saw also deeply stamable grams of volutm which he mistook for 
chromatm bodies In general, the evidence presented by other 
mvestigators (20, 138, 167) m support of a chromidial nucleus is 
not convmcmg 

5 Polymorphic niccleus Amato (7) studied the structure of 
Bacillus mycoides m preparations stamed intra vtiam with bril- 
hant cresyl blue He reported a smgle large nucleus m the 
spores and young rods, but m older cells the nucleus appeared to 
break up to form numerous chromidia He suggested that the 
vanabihty m form might account for the various conflictmg views 
concernmg the nucleus 

Dobell (35) wrote at length on the nucleus of various unknown 
bacteria which occur m the mtestmal contents of frogs, hzards 
flud other animals He concluded that the nucleus may occur as 
a smgle vesicular body, scattered chronudia, or chromatm fila- 
ments dependmg on different stages of development There is 
no evidence that he made suitable tests to distmguish between 
nuclear structures and cell mclusions The illustrations, repro- 
duced m colors, suggest that many of the cells contamed fat 
bodies as well as grams of volutm and that some of the cells were 
yeasts or other low fungi His obseiY^ations, limited to stamed 
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films from raw mixtures, afforded no adequate basis for his con- 
clusions 

Other papers which might be considered here are discussed in 
the section deahng with the diffuse nucleus 

6 A true nudexis The theory that bactena possess true nu- 
clei has been supported by many of the most able mvestigators, 
but this does not mean that the several reports are mutually con- 
firmatory There is stiU much doubt concerning the real nature 
of some of the so-called true nuclei which have been descnbed 
In order to prove the existence of a true nucleus m bacteria, it 
must be shown that the organism belongs to the bactena rather 
than yeasts or other low fungi, that a defimte particulate body, 
differentiable from the cytoplasm, occurs constantly m each cell, 
that genetic contmmty of the body occurs m nuclear and cell 
di\asion, and that the body m question is not a cell mclusion, 
vacuole, spore primordium, a cytoplasmic body, or an artifact 
It seems needless to add that such ngid cnteria have not been 
apphed generally and that many mvahd claims for the discovery 
of true nuclei have been made 

The most generally accepted proof for the occurrence of a true 
nucleus m bacteria is found m the work of Vejdovsky (188) who 
studied Bacillus gamman, a species which he found m Gammarus 
zschokkei There seems to be no doubt that the body described 
by Vejdovsky is a true nucleus which possesses a nuclear mem- 
brane, chromatm bodies, and divides karyokmetically On the 
other hand, the identification of the organism as a bacterial 
species was senously questioned by many (52, 123, 150, 162, 185) 
The consensus of best opinion appears to be that the organism is 
a yeast. Cryptococcus gamman Mend (114) described com- 
parable nuclei m bacteria which occur in the mtestmal content of 
the cockroach, but his work was severely criticized (57, 123) 


and has not been generally accepted 

Meyer (116, 117, 122, 123) studied the cell mclusions and the 
nucleus of AerohaciUus polymyxa (Bacillus asterosporus), B 
tumescens, and Clostridium butyncum (B amylobacter Meyer and 
Bredemann) In each of these species, he observed a small, 
spherical, colorless, retractile body, about 0 3;t m diameter. 
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which could be readily differentiated from fat, volutin, glycogen, 
and cytoplasm by differences m microchemical reactions and 
stamabihty Accordmg to his mterpretation, the body should 
be called a true nucleus The nucleus occurred m the spore 
pmnordia, mature spores, and m the young rods produced at 
ger m i n ation of spores In vegetative cells, there were usually 
two to six free nuclei, but he was not able to trace stages m nu- 
clear and cell division Meyer’s methods deserve brief mention 
The microchemical reactions for the determmation of various cell 
mclusions have already been mentioned In his first studies, he 
stamed the cells irdra viiam with formol-fuchsm, but m the later 
study of C btdyrtcum he employed various fixmg agents and, 
after washmg, stamed wet mounts with iron alum hematoxyhn 
He stated with emphasis that dried fixed films are not smtable for 
the demonstration of nuclei 

Because of his great prestige, Meyer’s conclusions were widely 
accepted but have not gone wholly unchallenged Guilhermond 
(59) commented as follows “It seems to be established, how- 
ever, that the majority of the elements noted by Meyer are not 
nuclei but reserve products common among Proitsia and known as 
metachromatic corpuscles ” This criticism could doubtless 
apply to the “nuclei” of Aerobacdius polymyxa, for volutm is de- 
posited by this species It could not, however, apply to B 
iumescens which deposits fat bodies only or to Clostridium huly- 
ncum m which the cell mclusions are glycogen and logen Neither 
of these could be confused with Meyer’s nuclei The most 
damagmg criticism was given by Zettnow (201) who studied 
B iumescens by Meyer’s method and confirmed his observations 
However, Zettnow regarded the bodies in question as cytoplas- 
mic structures rather than nuclei Complete confirmation of 
Meyer’s work was reported by several of his students (39, 52, 
131) Preisz (153) reported similar nuclei m Bacillus anihracts 

Swellengrebel (180, 181) described zigzag and spiral fila- 
mentous nuclei m Bacillus maximus buccahs, Spirillum giganteum 
and other bacterial species, sinular obsen ations were recorded by 
Dobell (35), Dimitroff (32) and Paillot (138) Sn ellengrebel’s 
work uas however severely criticized (55, 123) Quite recenth 
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Lewis (100) observed spiral arrangement of the stamable ma- 
terial in Spirillum volutans but was not able to confirm Swellen- 
grebel's opmion that the filaments consist of chromatm The 
spirally arranged substance appears to be nothmg but compressed 
cytoplasm lying between the numerous non-stamable fat bodies 
which are present m all species of Spirillum 

Stoughton (177, 178) studied the structure and reproduction 
of a plant pathogen, Phytomonas malvacearum, which causes 
angular leaf spot of cotton Each cell contamed a smgle, sphen- 
cal, centrally located body which could be differentiated from 
c 3 doplasm by intra mtam sta inin g Because of its constant 
occurrence, size, position m the cell, stainmg reactions, and divi- 
sion by constriction, he regarded the body as a true vesicular 
nucleus The nuclear nature of this body has been questioned by 
various mvestigators Dufr4noy (37) identified it as a vacuole. 
Better (142) obtamed diffuse stammg of the rods by Beulgen’s 
method, GuiUiermond (62) regarded the body as a metachromatic 
corpuscle (volutm) 

HoUande and Hollande (77) wrote at great length on the struc- 
ture of various bacterial species mcludmg Eberthella typhosa, 
Escherichia coli, Mycobacterium tuberculosis and Bacillus anthracis 
They mtroduced the terms nucleosome, paranucleosome, and 
metanucleosome to designate structures which were differentiated 
from cytoplasm by means of a special staining method The 
nucleosome, a minute nucleus-hke body, occurs m all cells, di- 
vides by constriction, and stams blue with the eosmate of meth- 
ylene blue, the paranucleosome, an eosmophihc body, closely 
associated with the nucleosome and often obscurmg it, divides 
mto several small granules dunng cell division, the metanucleo- 
some, an irregular basophihc body, surroimds the paranucleosome 

Hollande (74) observed these organules m the cells of various 
species from the mtestmal content of animals as well as m pure 
cultures of well known species He seems to have reached no 
very defimte conclusions concermng the nature of the bodies but 
offered several possible mterpretations The constant occurrence 
of the nucleosome m all cells and its characteristics are mdica- 
tive of a true nucleus The transitory nature of paranucleosomes 
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and metanucleosomes suggests reserve substances elaborated by 
the cell protoplasm 

Barnard (14) photographed cells of BaciUm mycoides, B 
megaihenum, Staphylococcus aureus and Serraiia marcescens 
by ultraviolet hght and obtamed images which, accordmg to his 
interpretation, suggest that bacteria contam a nucleus which 
undergoes rmtotic division Wyckofif and Ter Louw (195) em- 
ployed similar techmque m photographmg cells of Bacillus suh- 
tilis and called attention to the absence of any structures which 
could be regarded as nuclei The theory of a true nucleus is 
supported by a number of observers (9, 18, 40, 130, 139, 165) 

The theory of a true vesicular nucleus has received some sup- 
port from mvestigators who employed Feulgen’s reaction for 
differentiation da Cunha and Muniz (29) observed, as a rule, 
two stamable granules m young cells of Bacillus anihracis StiUe 
(176) saw discrete stamable bodies m various species of spore- 
formmg bacteria, Azotohacter and Sarcim The number and 
arrangement m the cell were not influenced by methods of culti- 
vation, the bodies appeared to divide by constriction and for 
these reasons were regarded as true nuclei There is no mdica- 
tion that he distmgiushed between nuclei and mclusion bodies 
although we know that Azotohacter chroococcum deposits volutm 

Piekarski (143-145) demonstrated "nucleoid” bodies m cells of 
Escherichia coli, Salmonella paratyphi, and Serraiia marcescens 
by means of Feulgen's reaction and the electron microscope 
Cells from young cultures contamed 2 nucleoids while other cells 
contamed a smgle body The bodies appeared to di\ade pre- 
ceding cell division and to consist of thymonucleic acid, smce the 
ultraviolet absorption spectra of nucleoids and known nuclear 
substance were identical Piekarski and Ruska (146) studied the 
structure of several bactenal species by means of the electron 
imcroscope Electron micrographs of cocci, sarcmae, and spore- 
forming species show very little or no structural differentiation 
In cells of Pseudomonas aeruginosa and some other non-spore- 
fornung bactena, granular bodies similar to the nucleoids demon- 
strated by Feulgen’s reaction are shown 

7 The diffuse nucleus The theory that the bacterial nucleus 
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consists of finely divided particles of chromatin uniforinly dis- 
persed in the cytoplasm was proposed by Zettnow (201) although 
he had formerly spoken m favor of a central chromatm-contanung 
structure, the central body The term diffuse nucleus is generally 
employed to denote a “nucleus” which is so finely divided and 
dispersed as to become undifferentiable from the cytoplasm 
Some writers have also spoken of scattered ^^slble chromidia as a 
diffuse nucleus In order to avoid ambigmty, the term diffuse 
nucleus is used here to denote only the condition m which chro- 
matm m the finely divided state is uniformly dispersed m the 
c 3 d;oplasm The term chromidial nucleus or chromidial system 
has already been apphed to the condition m which the nucleus 
has been supposed to exist as scattered visible chromatm bodies 

Several mvestigators have supported the theory of a diffuse 
nucleus Zettnow (201) based his conclusions on the fact that 
differentiated bodies mvariably proved to be cell mclusions or 
cytoplasmic structures Thomas (182) descnbed a new species, 
Bacilliis Calmette, m which the chromatm was uniformly dispersed 
or, at tunes, became separated from the cytoplasm to form visi- 
ble units of pure chromatm or chromatm mixed with other bodies 

The theory has received some support from mvestigators who 
employed Feulgen’s reaction as a method of differentiation 
Feulgen and Rossenbeck (43) obtamed negative results and con- 
cluded that bacteria do not contam thymonucleic acid West- 
brook (192) was not able to obtam positive reactions with yeasts 
and bacteria Stapp and Bortels (172) saw diffuse stainmg of 
Phytomonas iumefamens with no morphological differentiation 
Volt (190) obtamed positive reactions with thick films Piet- 
schmann and Rippel (148) reported uniform distribution of the 
stamable substance m normal cells of B mycoides Cultivation m 
media contammg lithium chlonde or magnesium sulphate re- 
sulted m abnormal cell forms m which the stamable substance be- 
came separated from the cytoplasm and appeared m the form of 
defimte bodies 

Imsenecki (78-80) mamtamed that a diffuse nucleus occurs m 
all bacteria and corresponds to a stage m the evolution of the 
nucleus at which chemical differentiation of nuclear substance has 



THE CYTOLOGY OF BACTERIA 


205 


already occurred, while the physicochemical conditions necessary 
for morphological differentiation of nuclear structures have not 
yet developed He beheved that the dispersed chromatm can 
aggregate at certam stages m the hfe cycle to form visible units 
which may again break up mto fine granules 
Pokrowskaja (151) studied Bacterium pestie Cells growmg as 
parasites showed a diffuse reaction, while under saprophytic 
conditions the stamable substance became aggregated mto a 
defimte nucleus-hke body which was capable of amitotic division 
Milovidov (125) observed diffuse staining m yoimg cells of Bacil- 
lus mycoides, B megaihenum and B anthracoides, hut m older cells 
the substance united to form compact bodies 
The service which Feulgen’s reaction has rendered m the study 
of bacterial structure is difficult to evaluate, smce nucleic acid is 
frequently present as a reserve material and the reaction is not 
sufficiently mtense to give a clear differentiation of mmute struc- 
tures. Margolena (108), Knaysi (86) and others have questioned 
the specificity of the reaction The mvestigations seem to prove 
that many bacteria contam thymonucleic acid which is generally 
m the form of mmute granules but may, under some conditions, 
separate out and become aggregated mto defimte bodies which 
resemble true nuclei It could be argued that the drastic treat- 
ment required m this method causes plasmolysis or other arti- 
ficial alterations m the cell structure This has been discussed at 
length by StiUe (176) Schaede (161) who stamed bacteria and 
actmomycetes by Feulgen’s method thinks that the stamable sub- 
stance, diffuse or m the form of granules, is not true chromatin or 
gene material and that it probably functions as reserve food 
8 The chromosome theory Lmdegren (102) has formulated a 
theory of the bactenal nucleus based on our knowledge of the 
cytology and genetics of higher organisms the gene is the funda- 
mental particulate hvmg umt and without it life is impossible, a 
linear aggregate of genes is the chromosome and an aggregation of 
chromosomes is the nucleus, the chromatin itself is not the heredi- 
tary substance but consists of mert matenal in which the genes 
are embedded, the genes mamtam a fixed position m regard to 
each other, sjmchronize in dmsion, and are distnbuted in such a 
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manner that each daughter cell receives its full complement of 
genes Accordmgly, a nucleus reduced to its lowest essentials 
might consist of a smgle gene strmg encrusted with chromatm, or 
a smgle naked gene strmg A nucleus of this t 3 ^e could occur m 
the bacteria, but a diffuse nucleus is not possible smce the genes 
do not diffuse but mamtam an orderly position m the gene strmg 

It seems probable that such a simple nucleus would take the 
form of a small granule or a rod-hke body rather than a defimte 
vesicle with a membrane separatmg it from the c 3 doplasm 
Lmdegren has shown by diagrams drawn to scale, that a space 
0 2jn m diameter is sufficient to accommodate a gene strmg of 
maximum theoretical size, and provide ample room for an orderly 
transmission of genes to the daughter cells 

Some evidence favorable to this chromosome theory is found m 
the most recent mvestigations of the subject Lmdegren and 
Mellon (101) descnbed a diplococcus m which the nucleus con- 
sisted of a smgle haploid chromosome which contamed seven 
chromomeres 

According to Badian (13) the nucleus of Bacillus suUiks con- 
sists of a smgle rod-hke, haploid chromosome which divides 
lengthwise precedmg cell division The daughter chromosomes 
move apart before the transverse membrane is formed and each of 
the new cells receives a smgle chromosome In spore formation, 
the chromosome divides m the usual manner, the two segments 
arrange themselves end to end m the median axis of the cell, and 
fuse end to end to form a smgle bivalent chromosome This is 
followed by two successive, longitudmal divisions resultmg m 
four haploid chromosomes, one of which becomes enclosed m the 
young spore while the three remammg m the cytoplasm are even- 
tually lost Allen, Appleby and Wolfe (4) descnbed a somewhat 
similar senes of events m the division and spore formation of an 
umdentified species of Bacillus isolated from grass Each vegeta- 
tive ceU contains a smgle haplgid chromosome, but the spores may 
be either haploid or diploid dependmg on the manner of ongm 
Transition from diploid to haploid condition occurs m spore 
germmation 

Summary of the theories Much of the conffictmg evidence 
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having been assembled, we are now faced with the obvious 
difficulty of reachmg a satisfactory conclusion There is probably 
no one fully competent to perform this difficult task Thewnter 
beheves that the claims for a naked nucleus, a central body, a 
chronudial system, a polymorphic nucleus, and a true vesicular 
nucleus are based on faulty evidence and must be rejected Much 
of the confusion has been caused by failure to distinguish between 
volutm and chromatm Due to their nucleic acid content 
these substances react to the usual nuclear stams m much the 
same manner Suitable tests for volutm have long been known, 
but there has been a marked tendency among mvestigators to re- 
gard all deeply staining bodies as nuclei or chromidia Unless 
specific tests for volutm have been made, the occurrence of stam- 
able granules m the ceUs of bacteria is not significant This 
cnticism alone is sufficient to disprove the claims concemmg the 
nucleus of such species as SpinUum voliUans, Azoiohacter chroo- 
coccum BaciUus hiUschhi and many others 
Although the occurrence of volutm has been the prmcipal cause 
of error, there has been much confusion concemmg the nature of 
the stamable substance m fat-depositmg species When cells 
contammg fat bodies are fixed and stamed by the usual methods, 
the compressed protoplasm appears as deeply stamed compact 
masses, and zigzag or spiral threads which m many cases have 
been descnbed as nuclei The picture is even more comphcated 
m species which deposit both fat and volutm It is impossible to 
escape the conviction that many observers, faffing to recognize the 
true nature of the stamable stmctures, have projected a sub- 
jective element mto the problem 
The more recent theory that the nucleus consists of mmute 
particles of chromatm uniformly dispersed m the cjdoplasm is 
based prmcipally on results obtamed by Feulgen’s method of 
stammg No very defimte conclusions can be drawn from the 
various conflicting reports which have appeared 
If the bactenal cell contams no demonstrable nucleus, the possi- 
bility still remams that the nucleus consists of an minsible struc- 
ture essentially the same as the gene strings in the chromosomes of 
higher organisms, but devoid of the usual encrustation of chroma- 
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tin In the present state of our knowledge no final conclusions 
concerning the nature of the nucleus can be drawn It appears, 
however, that we may now discard much of the uncritical work of 
the past and begm to thmk m terms derived from the more cer- 
tam knowledge of the genes of higher organisms Whether the 
protoplasm of the bacterial cell is undifferentiated, as claimed by 
Fischer and others, or consists of mvisible genes and cytoplasm 
has not been definitely determmed In the hght of aU the ex- 
perience of the past it seems highly probable that any claims based 
on c 3 d;ological methods will not be found wholly convmcmg 
Whether our knowledge of the hereditary mechanism of bactena 
can be enhanced by genetical techmque is still a question 

m REPRODUCTIVE STRUCTURES 

1 Gomdta The theory that bactena reproduce by means of 
small coccus-hke bodies, gomdia, borne withm cells of normal 
shape or m large speciahzed cells, gomdiangia, has had many 
advocates The theory, now regarded as an established fact by 
many bactenologists, is based m part on the observation that 
bacterial cells frequently contam granular bodies which appear to 
escape from the mother cell and develop mto cells of the parental 
form Indirect evidence for the occurrence of minute reproduc- 
tive bodies, smaller than ordmary vegetative cells, has been ob- 
tamed by filtration experiments Theoretically, there are some 
reasons to beheve that such a method of bacterial reproduction is 
possible We have long known that Sphaerotilus dichotomus re- 
produces by fo rmin g motile cells which escape and develop mto 
the thread-hke form Similarly, reproduction by means of zoo- 
spores, reproductive cells formed m sporangia by free cell forma- 
tion, IS of common occurrence m many fungi and algae Whether 
any of the true bacteria reproduce by the formation of mtemal 
cells, analogous to those produced by algae and fimgi, is an open 
question although there is an ever mcreasmg volume of evidence 
which supports the theory It is true, however, that much of the 
evidence is not very convmcmg and that some of it has been 
discredited 

The opponents of the theory have mamtamed that the so- 
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called gonidia are not capable of germination, that they are, m 
many mstances, cell mclusion bodies or compressed cytoplasm, 
and that growth m filtrates is not conclusive evidence of a gom- 
dial method of reproduction The hterature of the subject has 
become rather extensive, and there is not sufficient space here for 
an adequate cntical review We shall be obhged, therefore, to 
select a few of the most thoroughly studied species and present the 
evidence for and agamst this theory of reproduction 

Jones (82) reported deeply stamable, non-fiJtrable, reproductive 
granules m the cells of Azotobacter sp Lohnis and Smith (105, 
106) described stamable and non-stamable, filtrable reproductive 
granules Lewis (98) identified the granular bodies as grams of 
volutm and fat bodies Jones (82), Roberg (157) and Lewis 
(98) obtamed negative results by filtration methods It appears 
that the advocates of gomdial reproduction m Azotobacter con- 
fused cell mclusion-bodies with gomdia and reached unwarranted 
conclusions 

Few genera of bacteria have been so thoroughly studied as 
Rhtzobium, and there is probably no genus m which reproduction 
by gomdia has been so generally accepted Support is found m 
the early work of Morck (127), and m later pubhcations by Bew- 
ley and Hutchmson (19), Gibson (48), and others It would ap- 
pear that here, if any place, the evidence is so overwhelming as to 
compel acceptance The case of gomdial reproduction was well 
stated by Thornton (183) who wrote as follows “Thus, m B 
radicicola the rod-shaped cells at first stam evenly, but later the 
stamable material becomes segregated into bands These develop 
mto spherical granules of which a smgle cell maj’’ contam from 1 to 
6 Rupture of the mother cell releases the granules vhich at 
first are usually non-motile, but later swell m size and become 
actively motile All stages m the elongation of the cocci to form 
the evenly stammg rods can be found ” The writer (99) attacked 
this theory on the ground that the banded condition is not caused 
bj' free cell formation but by the deposition of non-stamable fat 
bodies which restrict and compress the cj’ioplasm to form the 
stamable bands The small cocci and ovoid cells seen in old cul- 
tures are small vegetatn e cells caused by fission during the penod 
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of declining growth There seems to be no reason to recede from 
this position 

Reproduction of Bacillus mycoides by means of filtrable gomdia 
was described by Nyberg (135), and Oesterle and Stahl (137), but 
this conclusion was opposed by Stapp and Zycha (173), Lewis 
(96) and den Dooren de Jong (30) The stamable bands and bars 
in this species, as m rhizobia, are conditioned by fat bodies 
Haag (64) reported the occurrence of gomdia m Bacillus anthracis 
Rettger and Gillespie (155) and Knaysi (85) found no evidence to 
support the theory of filtrable gomdia m other sporogenous species 
mcludmg B megathenum, B vulgatus and B meseniencus The 
evidence is, therefore, mostly agamst gomdial reproduction m this 
group of well known species Qmte recently Allen, Appleby, and 
Wolf (4) reported filtrable gomdia m an umdentified species of 
Bacillus isolated from grass 

Concermng gomdial reproduction m mycobacteria, there have 
been so many pubhcations that no attempt can be made to re- 
view them here Many workers have regarded Much’s granules 
as viable, filtrable umts while others have identified them as 
products of cell degeneration If it is true that the highly refrac- 
tile granules, first described as endospores by Koch (90) are fat 
bodies, as claimed by Gnmme (52), Meyer (123), and Hartman 
(66), then it would seem to follow that the stamable bands are 
nothmg but compressed cytoplasm as m rhizobia and other fat 
depositmg species A still further study of this group is needed to 
establish the identity of the refractile bodies and the stamable 
elements 

The evidence m regard to gomdial reproduction m Coryne- 
hactenum is somewhat contradictory Mellon (111) studied a 
species ongmally isolated from a case of Hodgkm’s disease and 
descnbed small motile bodies which became free and gave rise to 
new mdividual cells Bergstrand (17) studied the same species 
but failed to confirm the occurrence of such reproductive bodies 
More recently, Groh (54) reported that the granules which stam 
by Neisser’s method are hvmg umts which burst the maternal rod 
and develop mto new cells This appears to contradict all that is 
known concermng the nature of Neisser’s granules 
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Lohnis and Smith (105), Enderlem (40) and Hadley, Delves 
and Klunek (65) mamtamed that gomdial reproduction occurs m 
all species of bacteria, but the evidence for this claim can not be 
regarded as very substantial Whether gomdia occur m all, 
some, or none of the species of true bactena is a difficult question 
to answer on the basis of our present knowledge The writer be- 
lieves that the positive results obtamed by filtration experiments 
have httle or no value and that the answer must be sought m the 
study of cell structure Until we have seen a vegetative cell 
break up mto granules, hberation of the granules from the mother 
cell, and development mto new vegetative cells, this method of 
reproduction must be regarded as a theory rather than an es- 
tablished fact There seems to be no doubt that many mvestiga- 
tors have confused other structures with gomdia 

2 Gametes The hypothesis that bacteria reproduce by sexual 
methods has received some support, but the evidence is not ex- 
tensive and has not been very generally accepted Among the 
early workers Sehaudmn (162) observed an abortive division of the 
rods and violent streammg of granules precedmg spore formation 
m the dispone species, BacUhes hvischlii Accordmg to his mter- 
pretation, spore formation m this species is preceded by autogamic 
conjugation Dobell (33) supported this conclusion but m a later 
study of the problem (34) reversed his former opmion, and still 
later (35), he rejected all theories of sexual reproduction m bac- 
tena Stewart (175) beheved that asexual reproduction even- 
tually comes to a close m a colony of bactena and is followed by 

an outburst of conjugation ” He desenbed the process as autog- 
amous The chromosome behavior observed by Badian (13) 
and Allen, Appleby and Wolf (4) supports the theory of autoganuc 

conjugation 

Vanous mvestigators have described isogamic conjugation 
Pothoff (152) desenbed tube-like processes connectmg the con- 
jugating cells of Chromatxum oLenit The cells of this species are 
very large, and if the process occurs the phenomena could proba- 
bly be followed His photographs are not convmcmg, and the 
conclusions were attacked by Krasil’nikov (91) who saw nothmg 
but incompleted cell diiosions The same apphed to the conjuga- 
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tion of Azotobacler descnbed by Lohms and Smith (105) Mellon 
(112) presented evidence to show that isoganuc conjugation, 
similar to that of yeasts, occurs m Esckenchta coh More re- 
cently, Hollande and Hollande (77) descnbed a somewhat similar 
fusion of isogametes in Mycohactenum tuberculosis Nyberg (135) 
saw very tiny motile isogametes liberated from cells of Bacillus 
mycoides Stoughton (178) reported isogamic conjugation m 
Phytomonas malvacearum 

Although most advocates of the theory of sexual reproduction 
m bacteria have supported the more primitive methods, autogamic 
and isogamic conjugation, Enderlem (40) claims to have ob- 
served fusion of heterogametes, sperm cells (spermits) and egg 
cells (oits) m Vtbrto cholerae Accordmg to his account, the 
gametes origmate from gomdia by a process of reduction analogous 
to that of higher organisms Almqmst (6) reported somewhat 
similar reduction division m Eberthella typhosa Sexual repro- 
duction by conjunction, multiple fusion of cells, was reported by 
Lohms and Smith (105) and Appleby (9) 

If the bacteria reproduce by sexual methods, it should be pos- 
sible to cross closely related strams or species and determine 
somethmg concemmg the genetical behavior There is not, how- 
ever, much evidence to support the theory that hybnds occur m 
bactena Almqmst (6) reported success m crossmg Shigella 
dysentenae and Eberthella typhosa Nyberg (136) believed that 
B mycoides is a hybrid and that dissociation m this species is due 
to Mendehan segregation Stewart (175) reported autogamic 
conjugation and segregation m B coli-muiabile Mellon (112) 
beheves that rearrangement of chromatm by a sexual process is a 
chief cause of bacterial variation Sherman and Wmg (168) 
attempted to cross strams of Escherichia but abandoned the ex- 
periment with mconclusive results 

There appears to be no conclusive evidence that sexual repro- 
duction occurs m bactena It may be noted also that botanists 
have not been able to prove sexual reproduction m the Cyanophy- 
ceae, although these plants are much larger than bactena and more 
favorable for cytological study 

3 Endospores Several conflictmg methods of endospore for- 
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mation have been descnbed by different investigators According 
to Koch (88) spores result from the upgrowth of a tmy, retractile, 
non-stamable granule Although some support for this theory is 
found in the hterature, it is now generally regarded as erroneous 

Following the work of Ernst (41, 42) and Babes (10), the theory 
that spores are formed by the fusion of numerous sporogemc 
granules attracted many advocates and is still held by some bac- 
tenologists Support is found m the work of Bunge (23), Dobell 
(33-35), Schaudmn (162) and Nyberg (135) Much of the older 
as well as the more recent work is opposed to this theory We 
now know that the so-called sporogemc granules of earher writers 
are volutm grains, fat bodies, or glycogen and that they occur m 
many species which do not form spores Moreover, there are 
many species m the genus BaciUm which do not contam granules 
and could not, therefore, form spores by this method There is 
no sound cytological evidence that endospores are formed by the 
fusion of sporogemc granules 

A method of spore formation which seems to have been proved 
beyond reasonable doubt was descnbed by Peters (140) and con- 
firmed by Meyer (116, 117), and others (15, 52, 97, 153, 195) 
The spore is formed from a clear, hyahne, polar spore pnmordium 
which is set off from the remainder of cell by a membrane The 
spore results from a condensation of the substance contamed m 
the spore pnmordium The granules, if present, are not con- 
cerned duectly m spore formation, although they may furnish 
nutntive matenal which is digested and absorbed by the develoji- 
mg spore Dunng the early stages before the spore body has 
become fully condensed, it stams readily with anihne dyes and 
for this reason resembles a nucleus There seems httle reason 
to believe that the formed nucleus of Bacillus buischhi, reported 
by Schaudmn (162) was anythmg but an immature spore 

IV CELL nmsioN 

Various methods of bacterial cell division have been described 
Knaysi (86) classified the methods under three headmgs (1) 
plate formation, centrifugal or centnpetal, (2) cjdoplasmic re- 
traction and (3) constriction Support is found m the htera- 
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ture for each of these methods In the most recent study of 
the subject, Knaysi (87) found no mdications of division by 
constriction or the formation of a cell plate with subsequent 
splittmg His observations appear to prove that the cell divides 
by cytoplasmic retraction and subsequent formation of two trans- 
verse cell walls which are separate from the beginnmg A rather 
full review of the previous hterature is given 

V THE CELL MEMBRANE 

There has been much confusion concemmg the nature of the 
outer envelope of the bactenal cell and its relation to the proto- 
plasm The term membrane as generally employed has no very 
defimte meaning, and the term ectoplasm or ectoplast is even less 
satisfactory Smce the early wntmgs of Zettnow, some bactenol- 
ogists have employed the term ectoplasm to designate the outer 
portion of the cell and endoplasm to denote the cell contents 
The foUowmg quotation from Rideal (156) is typical of the many 
brief descnptions which occur m recent textbooks “In general, 
bactenal cells may be regarded as a chromatm network m an 
emulsoid protoplasm, the endoplasm, the whole bemg enclosed m a 
semi-permeable membrane, the ectoplasm ” The term ectoplasm 
has also been used by Preisz (153), Eisenberg (38) and Gutstem 
(63) to denote the whole outer envelope Churchman (26) 
mtroduced the terms cortex and medulla which have caused addi- 
tional confusion 

The wnter agrees with Knaysi (86) who suggested that we 
abandon this confusmg termmology m favor of terms which are 
umversally employed m deahng with other plant cells It could 
be argued that the structure of the bactenal cell is not analogous 
to that of other vegetable organisms and that a different termi- 
nology IS necessary The evidence must therefore be considered 
Knaysi (84) stamed Bacdlus suhiihs znlra vtlam with dilute aque- 
ous solution of crystal violet He observed a purple outer cell 
wall surrounding a dark violet membrane which encloses a deeply 
stainmg cytoplasm but of much hghter shade The cell wall 
could be seen much more clearly m cells plasmolyzed by mountmg 
them m 25 per cent sodium chlonde solution pnor to stammg 



THE CYTOLOGY OF BACTERIA 


215 


According to his observations the cell wall has only a shght a ffini ty 
for dyes, it stains a clear blue with methylene blue but has no 
affinity for lodme The cytoplasmic membrane, on the other 
hand, is hyperchromatic and takes up dyes with great avidity 
It IS colored dark brown with lodme More recently, Blnaysi 
(87) has descnbed a differential method of stainmg by which the 
cytoplasm, cell wall, and cytoplasmic membrane can be dis- 
tmguished m fixed films 

These experiments, together with the earher work of Fischer 
(45), Gnmme (52), Ellis (39), Swellengrebel (181), Meyer (123), 
and others proved that the protoplast of the bacterial cell, like 
other plant cells, is not attached to the cell wall but hes free with- 
in it In the fully turgid cell, the C 3 doplasmic membrane is m 
close contact with the outer wall and is not readily distmguished 
When the cells are suspended m a hypertomc solution, the cyto- 
plasmic membrane is drawn m with the contracted cytoplasm 
while the more ngid cell wall retains its ongmal form 

Much has been written on the permeabihty of the bacterial 
membrane especially m its relation to dyes We know that the 
cellulose wall of higher plant cells is very permeable while the 
cytoplasmic membrane is semipermeable It is known that the 
protoplast of the bacterial cell functions as an osmotic system, 
precisely like that of other plant cells, and that the cytoplasmic 
membrane is seim-permeable Accordmg to Fischer (45), such a 
degree of di\rLsion of labor as occurs m the higher plants has not 
been reached in the bactena where commumcation between the 
organism and the outer world is regulated by two layers of medium 
permeabihty To what extent, if any, the true cell wall of bac- 
tena functions as a selective membrane is difficult if not impos- 
sible to determme 

The chemical composition of the cytoplasrmc membrane as well 
as that of the cell wall is not vei^"^ well known Khaysi (86) be- 
lieves that the cj^oplasmic membrane is made up chiefly of surface 
active materials, hpoids and lipoprotems, which accumulate to 
form a rather firm surface structure which may consist of seiTral 
lasers The cell wall is a firm, rigid, somewhat elastic structure 
as was shown by Ellis (39) for SpinUum gigantcum and by the 
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ingenious needle dissection experiments performed by Wamoscher 
(191) 

Claims have been made that the wall substance of some bac- 
teria consists of cellulose, but there is httle or no convmcmg 
evidence that such claims are vahd The earher hterature was 
reviewed by Meyer (123) who advanced the theory that the sub- 
stance IS a henu-cellulose The subject has been discussed more 
recently by van Wisselmgh (187) The occurrence of chitm m the 
cell walls of various bacteria was demed by van Wisselmgh (186) 
but was supported by Iwanoff (81), and Viehoever (189) van 
Wisselmgh (187) found that chitm is a common component of the 
cell waUs of molds but is not present m bacteria 

The mucoid substances deposited as a clear zone external to the 
cell wall and variously designated as the slime layer, sheath or 
capsule have been studied more extensively than the wall itself 
The precise ongm of the capsular material has long been a more or 
less controversial matter The earher mvestigators generally re- 
garded the substance as a product formed by swelhng and gelatm- 
ization of the so-called ectoplasm Meyer (123) and Zettnow 
(201) attacked this theory and held that the substance is a 
secreted product In the hght of more recent studies on the 
chenucal nature of the gums produced by various species, this 
view IS much more hkely The chief mterest manifested m cap- 
sules by cytologists has been m the matter of successful methods of 
stammg There is httle doubt that low affinity for dyes is due to 
the carbohydrate nature and that the capsular substance may ad- 
sorb stamable materials from blood serum or even from milk 
The extensive hterature deahng with the chemistry of the cap- 
sular material and its relation to virulence and to immimological 
reactions, though matters of great importance, does not concern us 
here 

Of considerable mterest to the student of bacterial cytology are 
the mvestigations of Churchman (26) who mamtamed that the 
gram reaction is due to a protem-hke, gram-positive substance, the 
cortex, deposited as a sheath around the inner gram-negative por- 
tion, the medulla Eisenberg (38) and Gutstem (63) descnbed a 
similar surface layer differentiable from the remamder of the cell 
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body by various stammg methods Churchman’s conclusions 
were attacked by Burke (24) who could find no evidence that 
gram-positive bacteria possess a cortex which stams differen- 
tially by Gram’s method Steam and Steam (174) expressed some 
doubt conceramg the presence of an external cortex Knaysi 
(84) regarded the cytoplasmic membrane as the stmcture which 
corresponds to Churchman’s cortex and is responsible for the gram 
reaction 

Although our knowledge of the stmcture of the bactenal cell 
may not be perfect, enough is known to warrant a more uniform 
usage of the terms emplo 3 ’’ed in the general domam of plant cytol- 
ogy Accordmgly, the bacterial cell consists of a protoplast 
encased m a non-protoplasnuc cell wall composed of ergastic sub- 
stances of unknown identity The surface of the protoplast is a 
differentiated semi-permeable cytoplasmic membrane which en- 
closes the cytoplasm Withm the cytoplasm there are sap vacu- 
oles and m some cases various granular mclusion bodies The 
nucleus of the protoplast probably consists of a stmcture analo- 
gous to a chromosome rather than to a true vesicular nucleus 

VI FLAGELLA 

The earlier mvestigations concernmg flagella were directed prin- 
cipally at the problem of stammg Robert Koch (1877) dis- 
covered the first successful method by which flagella could be 
made vsible by stammg He employed “Exlractum campech,” 
a crude extract of logwood (Lignum campechianum) The stam- 
mg action was enhanced and made permanent bj^ treatmg the 
stamed films with dilute chromic acid 

Loefiler (103) discovered a better method based on the use of 
a mordant consistmg of a mixture of tanmc acid, ferrous sulphate, 
and basic fuchsm He stamed the mordanted cells with carbol 
fuchsin Zettnow (200) improved the silver impregnation 
method which had been previously’' emploj'ed and de\Tsed a valu- 
able method especially suitable for photographic purposes 

IModifications of Loeffler’s method have been made by Shunk 
(169), Gray^ (51), Leifson (95), hlaneial (107) and many others 
The most complete study of mordants is probably that of Manei al 
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who prepared 24 different solutions which gave excellent results 
with various species Successful mordants contain much ma- 
terial m a colloidal state, and it appears probable that the pnnci- 
pal factor mvolved m staming is adsorption Maneval suggested 
that the size and electrical charge of the colloidal particles as well 
as the H-ion concentration are important factors It is of mter- 
est to note that LoeflBier recommended the use of caustic soda or 
dilute sulphuric acid as a “corrective solution” for stammg some 
species 

The several factors causmg variable results with flagella stams 
have been discussed m considerable detail by Wnght (194) 

A factor which appears not to have been fully appreciated con- 
cerns the nature of the glass surface Erwm F Smith (170) 
called attention to the fact that thoroughly cleaned cover glasses 
sometimes give trouble because the surface of the glass itself is at 
fault More recently, Conn and Wolfe (27) stressed the im- 
portance of flaming the shdes until an orange color appears m the 
flame The surface appears to be improved by this method 
Shunk (169) recommended chemical rather than heat fixation of 
films 

The discovery of successful staming methods stimulated m- 
vestigation of other problems concemmg flagella Much mterest 
has been manifested m the manner of ongm from the cell body 
Migula (124), Zettnow (199, 201), Schaudmn (162), Marrassmi 
(109) and others beheved that flagella ongmate from the mem- 
brane, while Fischer (45), Ellis (39) and Meyer (123) held that 
they ongmate m the cytoplasm and grow out through openmgs 
m the cell wall This latter view was modified somewhat by 
Reichert (154), Fuhrmann (46), and Yamamoto (196) who de- 
scnbed the origm from an mtemal granule comparable to the 
blepharoplast of other flagellated cells More recently, Leifson 
(95) supported cytoplasnuc ongm, and Enderlem (40) reported 
the occurrence of a blepharoplast (centnoht) m the sperm cells 
(spermits) but not m ordmary vegetative cells It is probably 
impossible to obtam any very definite cytological evidence as to 
the precise manner of ongm, but m thehght of our present knowl- 
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edge of the cell structure, there is httle or no support for the 
theory that flagella originate from the cell membrane The 
occurrence of blepharoplasts appears to be doubtful 
The apphcation of dark field illummation to the study of bac- 
teria has enhanced our knowledge of the mechanism of flagellar 
motion This subject was thoroughly studied by Reichert (154) 
and more recently by Neumann (134), who stressed the impor- 
tance of a smtable viscous moimtmg fluid Accordmg to Reichert 
(154), the force which propels the bactenal body is not due to 
lashmg of the flagella as was supposed by Fischer (45) but to a 
rhythmic contraction which moves hehcoidally over the surface, 
the action is comparable to that of a screw rather than an oar 
Pijper (149) has shown that the movements to nght or left are 
controlled by changes m the angle which the flagella make with 
the cell body, they act as a rudder as well as a propeller 
Recent studies by dark field methods have caused some doubt 
concemmg the occurrence of peritnchous flagellation Accord- 
ing to the observations of Pijper (149) EberiheUa iypht, Proteus 
vulgans and similar species swim by means of a long “tail," 
formed by the twistmg together of two rather broadly coiled 
flagella which are attached to the cell near its rmddle He regards 
as artifacts the usual appearances of peritnchous flagellation seen 
m stamed fixed films Pietschmann (147) observed subpolar 
flagella on hvmg cells of Bacillus suhhhs, B ellenbachensis, B 
ruminatus, E coh, and Serraiia marcescens He regards peri- 
tnchous flagellation as an illusion which is due to the appearance 
of subpolar flagella on chams of cells 
Although we are not concerned here with the hterature deal- 
nig with flagellar and somatic antigens, the dark field observations 
of agglutmation made by Pijper (149) may be noted In the 
presence of flagellar antigen, the flagella become encrusted with a 
substance which causes them to adhere rather loosel}’’ when for- 
tuitous entanglements occur This results m the formation of 
clumps which are readily broken down by shaking There 
appears to be no effect on the cell body On the other hand, the 
somatic antigen has no such effect on the flagella but acts on the 
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cell bodies causing them to unite m compact masses which are not 
readily separated by shakmg In this connection the experiments 
of Craigie (28) on EhertheUa typhosa are of special mterest 
Investigations by Piekarski and Ruska (146) and by Mudd, 
Polevitsky and Anderson (128) indicate that the electron micro- 
scope IS valuable for the study of flagella Evidence obtamed by 
Polevitsky suggests that the flagella of EhertheUa typhosa and 
coliform bacteria may be tubular structures 
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Within recent years, there have appeared a number of reviews 
dealing with the antagonistic mterrelations among various micro- 
organisms, some of these have dealt with certam specific groups, 
and others with a great variety of organisms It is sufficient to 
mention Holman (155), Buchanan and Fulmer (41), and Nak- 
Inmovskaia (231) on bactenal associations, Seitz (303) on mixed 
mfections. Brown (40), Novogrudsky (240), Wemdhng (355), 
Porter and Carter (261) and D’Aeth (64) on competition among 
fungi, Garrett (118) and Garrard and Lochhead (114) on the m- 
terrelations between soil-borne and disease-producmg fungi, 
Nakhimovskaia (230) on antagonisms between actmomycetes 
and bacteria, and Waksman (345) on associations and an- 
fagonisms among microorganisms m different habitats In 
this review, an attempt is made to present the broad antagonis- 
tic relations between microorganisms livmg m association, either 
m simple mixed cultures or m complex natural populations, the 
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Significance of these associations in natural processes, their re- 
lation to disease production m man as well as m domesticated 
plants and animals, the chemical nature of the active substances 
produced, and finally, the nature of the antagonistic action 

SURVIVAL OF HUMAN AND ANIMAL PATHOGENS IN SOIL AND IN 

WATER BASINS 

Microbes capable of causmg disease find their way mto the 
soil and mto water basms m very large numbers, either m the ex- 
creta of the infected host or m the dead and mfected residues of 
the latter If one considers the milhons of years that anunals and 
plants have existed on this planet, one can only surmise the great 
numbers of microbes causmg the numerous diseases of all forms of 
life that must have thus been mtroduced mto soils and surface 
waters What has become of all the bacteria causmg t3^hoid 
fever, dysentery, cholera, diphthena, pneumonia, bubomc plague, 
tuberculosis and leprosy m man, mastitis and abortion m cattle, 
and of numerous diseases of other animals? This question was 
first raised by medical bactenologists m the eighties of the last 
century The soil was searched for the presence of bactenal 
agents causmg infectious diseases and responsible for epidemics 
The results obtamed established beyond doubt that, with very few 
exceptions, organisms pathogemc to man and to animals do not 
remam ahve m the soil for very long 

It IS true that a few disease-producmg microorganisms are able 
to survive in soils for considerable periods of tune One need only 
mention the organisms causmg tetanus, gas gangrene, skm m- 
fections, actmomycosis and blackleg m cattle, coccidiosis of 
poultry, hookworm infections, tnchmosis, entenc disorders in 
man To these must be added certam bacteria, actmomycetes 
and fungi, which cause a variety of plant diseases such as potato 
scab, root rots, take-all of cereal crops, and the dampmg-off 
diseases of vegetables However, the great majority of disease- 
producmg microorgamsms are able to remain m an active and re- 
producible state only for short periods outside of then respective 
hosts, and especially m soils and m natural waters It is sufllcient 
to cite the fact that typhoid and dysentery bacteria, which are 
known to contammate watersheds and water supphes, sooner or 
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later disappear No one now raises the question concerning the 
role of the soil as the earner of these disease-producing agents or as 
the cause of severe or of even minor epidemics This rapid dis- 
appearance of disease-producmg bacteria may be due to several 
factors, such as (a) unfavorable environment, (&) lack of sufficient 
or proper food supply, (c) destruction by predacious agents, such 
as protozoa and other animals, and (d) destruction by vanous 
saprophytic bactena and fungi considered as antagonists 

Frankland (108) was the first to establish that the typhoid 
bactenum may survive m stenhzed polluted water or in pure 
deep well water for 20 to 51 days, but that it dies out rapidly m 
9 to 13 days m unsterile surface water Jordan and his associates 
(171) found that EhertheUa iyphosa sur\uved m stenhzed tap water 
for 15 to 25 days, as agamst 4 to 7 days m fresh water, it died off 
even more rapidly (m 1 to 4 days) m raw nver or canal water 
The degree of survival of this organism m water was found to be 
in mverse ratio to the degree of contammation of the water, the 
saprophytic bactena bemg directly responsible for the de- 
struction of the pathogen (292) Freshly isolated organisms sur- 
vived a shorter time than laboratory cultures, and higher 
temperatures were more destructive than lower ones (163) 

The presence of certain bactena m water is often found to hmder 
the survival of E typhosa (336) When Pseudomonas aeruginosa, 
on the other hand, is present m drinking water, it may not be 
accompanied by any other bacteria (280) Media moculated 
With this organism and with Escherichia coli gave, after 13 daj^ 
cultivation, only cultures of the former, however, the two or- 
ganisms can coexist m stenhzed water Vibno cholerae does not 
suriuve very long m fresh water, although long enough to cause 
occasional epidemics (139) 

Typhoid and paratyphoid bactena were found (368) to have 
only a very short life m sewage sludge, a reduction of 99% bemg 
reported after 6 hours’ treatment of activated sludge (319, 153) 
There is a marked difference m the survival of different strams, 
Ruchhoft (290) haiong shown that whereas one stram died off 
very rapidly, two others died onlj’- m 8 to 10 days, and one sur- 
''iied for 13 days 

The addition of tj^ihoid bactena to a well-moistened and 
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cultivated soil brings about their rapid destruction (207) The 
same phenomenon occurs when a culture of these organisms is 
added to that of a soil microbe An antagonistic relation is often 
found to exist m some soils but not m others, this bemg traced to 
the presence of specific bacteria Frost (110) also reports a 
marked destruction of typhoid bactena added to the soil, 98 per 
cent of the cells bemg killed m six days, it is suggested that m the 
course of a few more days all these cells would have disappeared 
from the soil This is also true of sea water (167) On the other 
hand, under conditions less favorable to the antagonists, the ty- 
phoid orgamsm survives not only for many days, but even for 
months 

E coll is rapidly crowded out by other organisms m manure piles 
(227) and m soil (298, 308, 349) The dysentery and typhoid 
organisms disappear rapidly m sea water, namely m 12 and 16 
hours, the paratyphoid organisms have been found to survive for 
21 and 23 days (330) Sea water appears to contam an agent, 
other than its salts, which exerts a bactencidal effect (372) 

Under conditions prevailmg m southern England, Mycohac- 
tenum tuberculosis was found (364) to remain ahve and virulent m 
cow’s feces, exposed on pasture land, for at least five months dur- 
mg wmter, two months durmg sprmg and four months durmg 
autumn, m summer, no hvmg organisms were demonstrated even 
after two months, imder protection from direct sunhght, the sur- 
vival penod was longer Bovme tubercle bactena have been 
detected m soil and manure, and on grass up to 178 days after 
infection, but not later (204) When M tuberculosis was added 
to non-sterile soil, it was slowly destroyed (278, 313), the plate 
count was reduced to about one-sixth of the origmal m one month 
(33) Brucella mehiensis survived m stenhzed tap water for 42 
days, as compared to 7 days m unsterihzed water, it survived m 
sterilized soil 72 days, as compared to 20 days m unstenhzed soil 
(161) 

In spite of the gradual and even rapid destruction of some 
pathogenic microorganisms m the soil, the survival of others 
presents important problems to farmers raismg hogs, cattle, 
poultry and other domestic animals In order to overcome this 
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condition, the rotation of crops is usually practiced, several years 
are usually required to render infected pastures safe for use A 
better understanding of the antagonists that are responsible for 
the rapid destruction of pathogenic organisms m the soil may 
throw hght upon this problem and improve the methods of con- 
trol 


SYMBIOSIS AND ANTIBIOSIS 

In a natural miheu, such as soil and water, which is mhabited 
by a mixed microbiological population, numerous relations of 
association and antagonism occur All organisms mhabitmg such 
a medium are affected, directly or mdirectly, by one or more of 
the other constituent members of this population These re- 
lationships were at first visuabzed as due primarily to competition 
for nutnents, as was well expressed by Pfeffer (256), who said 
“the entue world and all the friendly and antagonistic relation- 
ships of different organisms are primarily regulated by the 
necessity of obtaimng food ” De Bary, m 1879, was the first to 
emphasize the significance of the antagonistic relations among 
microorganisms (66) When two organisms are grown on the 
same substrate, one overcomes the other sooner or later, and even 
kills it The limi ted food supply m the culture medium was be- 
heved by many to be responsible for this (194), the fast-grovung 
organism bemg favored as compared to the slow grower Kruse 
(187) also suggested that this is a problem of food competition 
When two organisms are capable of utdizmg the same nutnents, 
but are differently affected by environmental conditions, such as 
reaction, am supply and temperatiue, the one that finds condi- 
tions more suitable for its development, will grow more rapidly 
and m tune be able to suppress the other 

However, it soon became clear that antagonism among micro- 
organisms embraces phenomena other than mere competition for 
or exliaustion of nutrients E F Smith (309) pomted out, for 
example, that when two or more organisms hve m close proximitj', 
they may exert mutually antagonistic, mdifferent or fa\orable 
effects According to Porter (260), the effects produced upon 
each other bj’^ fungi m mixed cultures may be due to the formation 
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of substances which exert detrimental or beneficial efifects Las- 
seur (189) regarded antagonism as a veiy complex phenomenon 
a result of numerous and often httle known activities, it mfluences 
the morphology of the organism, the capacity for pigment produc- 
tion, and vanous physiological processes 
The terms association’^ and “symbiosis” are used to designate 
mutually beneficial relations, as contrasted to “antagonism” and 
antibiosis,” which refer to a reduction m growth and m ac- 
tivities, as a result of the hvmg of organisms m mixture (235) 
Bacteria may respond to such effects by exhibitmg temporary or 
permanent modifications m their physiological characteristics 
(311) The morphology of diphtheria organisms may be 
influenced thereby, often accompanied by a reduction in viru- 
lence (151) Certam bacteria will form abnormal morphological 
cells under the mfluence of antagonistic actmomycetes (230), 
these changes are not hereditarily stable Pyocyanase brmgs 
about morphological changes m B anthracia (95) Pemcillm, by 
inhibiting fission of bacteria, leads to abnormal growth of the cells, 
followed by autolysis (113) Different fungi will favor peri- 
thecia formation by other fungi and will influence the genmnation 
of ascospores (9, 276) Pigment formation by P aeruginosa may 
be weakened m the presence of other orgamsms, B coh may lose 
the property of fermentmg sugar when grown together with 
paratyphoid bacteria (168) This type of antagonism has often 
been referred to as “functional antagonism” (231) The produc- 
tion of inactive lactic acid by d- and Z-acid-producmg bacteria, m 
the presence of certam anaerobes (323), as well as the formation of 
lactic acid by butyric acid bactena, m the presence of other or- 
ganisms (315), are other illustrations “Synergism” is used to 
designate the livmg together of two organisms, resultmg m a 
change which neither alone could bnng about (155) 

The mjunous effects of one organism upon another range from 
antagomsms, of varymg degrees of mtensity, to the hvmg or 
preying of one upon the other, the latter phenomenon may be 
classified with pathogemcity and disease production Vanous 
types of antagonism have thus been recognized (231) 1 Antago- 
nism in VIVO vs antagonism in vUro, the former bemg often desig- 
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nated as antibiosis (189) 2 Repressive, bactericidal and lytic 

forms of antagonism, as well as antagonism of function vs antag- 
onism of growth 3 Direct, mdirect and true antagonism 
4 One-sided and two-sided antagonism, antagonism between 
strams of the same species and among different species, or iso- 
and hetero-antagonism (88) 

Duclaux (79) was among the first to demonstrate that the 
growth of a fungus renders the medium unfavorable to the sub- 
sequent growth of the same orgamsm Species of Peziza and 
Aspergillus have an antagonistic effect upon one another, which, 
accordmg to Remhardt (273), is a result of the production of 
acid, chiefly oxahc Nikitmsky (238) suggested that the m- 
hibitmg effects are due to unfavorable changes m reaction 
Culture solutions m which fungi have grown are not suitable for 
the germination of freshly moculated spores and are improved by 
boilmg (188) , not only the same organisms, but also other species 
are checked m their growth (32) 

Eijkman (88) demonstrated that bacteria produce m the 
medium thermolabile toxic substances, when such a medium is 
heated, it is agam made suitable for bacterial development, the 
fact that growth is not as good as m fresh medium was explamed 
as due either to exhaustion of some of the nutrients or to the forma- 
tion of mjunous substances Bacterial spores are able to germi- 
nate agam m the same medium, if this is boiled Certam bactenal 
metabolic products, even when heated to 120°, have a strong m- 
fluence upon the growth of various microorganisms (228) 

Accordmg to A J Brown (37), stalmg of a culture is due not 
to the accumulation of metabohc products but to the exhaustion 
of substances which stimulate growth, as m the case of oxj’gen for 
yeast Pratt (263) concluded that exhaustion of food is not a 
primary^ factor in stalmg, the latter is due largely to the formation 
of bicarbonate (39, 125) This effect is partiallj' corrected by 
boiling and by adjustment of the reaction, treatment vath ether 
remo\es the residual staleness, colloidal clay and charcoal also re- 
mo\e this effect The phenomenon of staling vas sometimes 
spoken of as “vaccination” of the medium (14, 275), and belie\cd 
to be due to protein degradation products 
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Fungi may produce (188, 202) not only growth-mhibitmg but 
also growtb-promotmg substances, by means of certam proce- 
dures, it is possible to separate one from the other (244) The 
tendency of fungus hyphae to turn away from the region m which 
other hyphae of the same fungus are growmg (negative chemo- 
tropic reaction) has been explamed (111, 135) as a response to 
chemical substances produced by the growing fungus 
The repressive type of antagonism results m a delay m the 
growth of the antagonized organism (231, 109) The bacten- 
cidal type results m the destruction by the antagonist of another 
organism without producmg any lytic effect. Bacillus mesenten- 
cus {wlgaius) bemg able not only to depress but also to kill 
diphtheria and pseudo-diphthena bactena (373) The produc- 
tion by an antagonist of metabohc products which possess iytic 
properties and which modify the growth of vanous bactena has 
been designated as “direct antagonism ” On the other hand, 
“mdirect” or “passive antagonism” has been looked upon (231) 
as dependmg not upon the direct action of the antagonist but 
upon changed conditions of culture which become unfavorable for 
the particular organism (150) , here belong changes of pH and rH 
values, and the impoverishment of nutnents m medium Neu- 
feld and Kuhn (236) limited direct antagonism to those phenom- 
ena where the action is due to the hvmg cell itself, as m the 
repression of anthrax bacilh by mtestmal bactena (142) 

Bail (11) suggested that there exists, for every bactenum, a 
typical constant number of hvmg cells capable of hvmg m a given 
space When this concentration (M) is reached, multiphcation 
comes to a standstill without the nutnents bemg exhausted or 
toxic substances produced The same is beheved to hold true 
when two bacteria hve together (363) If the hmitmg concen- 
trations of the two organisms are different, the one with a higher 
M value will repress the other, the weaker species may check the 
stronger one when planted m a sufficient excess (98) It has been 
suggested (144) that “biological activity” and “competitive 
capacity” must also be taken into consideration 
Antagonism may be either one-sided or two-sided, namely, 
when only one bacterium represses another, which is not antagon- 
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istic to it, or when each organism represses the other (115) 
One-sided antagonism may become two-sided under certam con- 
ditions of culture E colt, for example, is antagonistic to E 
typhosa, however, if the latter is moculated mto a medium some- 
what earher than the former, the reverse is true (343, 122) 
Although antagonistic effects have usually been observed for one 
species of bacteria agamst another, very often one stram of the 
same species may exert antagonistic effects upon another strain 
(144, 221) Non-flagellated variants of typhoid bacteria are re- 
pressed by a flagellated form, smooth variants of paratyphoid 
bacteria by rough variants, etc The fact that all bacterial 
cultures stop growmg after a certain period of time has also been 
mterpreted as a result of antagonism of some cells upon others 
When the filtrates of such cultures are added to fresh nutnent 
media they may stop the growth of the same species as well as 
that of other species Rahn (268) observed that the phenomenon 
of iso-antagonism is associated with the formation of a thermola- 
bile substance, not passmg through a filter This substance is 
often destroyed by light (88) 

Among the various types of antagomsm, the most defimte and 
the one which is best understood is that which results m the forma- 
tion of antagonistic substances The nature of these substances 
or toxms when produced by different bacteria and fungi is not 
always the same Some are destroyed by boiling, by exposure 
to light or by filtration (202) , others are resistant to heat and to 
ultraviolet rays, some are readily adsorbed by filters, from which 
they can be removed by spiecial solvents 

The abundance of antagonistic substances produced b}"^ many 
fungi and bacteria is (97) greatly mfluenced by the energj’^ and 
nitrogen sources m the medium SchiUer (300, 301) behe\ ed that 
antagonism could be mduced by withholdmg certam nutrients 
m a dilute glucose solution without mtrogen, yeasts were said to 
be “forced” to kill and digest bacteria, if a few loops of 3 'east 
suspension were added to a fully de\ eloped bacterial culture, 
the yeasts produced a bactenoljdic substance which was also 
active outside of their cells On the other hand, \arious bacteria 
killed the j easts when inoculated mto cultures of the latter sus- 
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pended m distilled water The destruction of the fungus Ophiobo- 
lus, causing the take-all disease of cereals, by soil organisms is 
beheved to take place m a similar manner (116) 

It has often been observed that certam organisms produce 
pigments in the presence of others, and that these pigments are m 
some way associated with the phenomenon of antagonism V 
cholerae produces, m the presence of Sarcind lutea, a dark violet 
pigment which is accompamed by an mcrease m agglutmation and 
virulence (159, 278a) The destruction of Thctyosiehum muco- 
r aides by a red-pigment-producmg bactenum is accompamed by m- 
tense pigmentation (258) , the blue pigment of Bactenum violaceum, 
however, only dela}^ the growth of the fungus PeniciUium 
afncanum (72) produces a more mtense pigment m contact with 
other fungi, such as Aspergillus niger, this pigment accumulates m 
the mycelium of the latter, which may thereby be killed Nad- 
son (229) demonstrated that the pigment of PeniciUium luieum 
or Spicana purpurogenes is used not only for purposes of pro- 
tection, but also for attack upon other organisms, whereby the 
latter are killed and stamed 

The various theories concemmg the mechanism of antagonism 
may be summarized (231) as follows 

1 Exhaustion of nutnents m medium (249, 250, 109, 121) 

2 Physico-chemical changes produced by the growmg organism 
m the medium, mcludmg changes m osmotic pressure, surface 
tension, oxidation-reduction potential and reaction (8, 307, 109, 
22, 28, 210, 334) 

3 Production of specific enz3mies, either by the antagonist 
itself or as a result of autolysis of the antagonized cells 

4 Production and hberation of specific substances, which have 
a selective bacteriostatic and bactericidal effect, or fungistatic and 
fungicidal action (36, 115, 109, 93, 77, 348, 104, 356) 

5 Certam types of reactions, which may be designated as action 

at a distance (3, 253) 

6 Space antagonism 

A great number of methods have been developed for measunng 
antagonistic action (109, 115, 314, 110, 265, 193, 213) 

Porter (260) recognized that different organisms exhibit vary- 
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mg degrees of inhibition as well as different mechanisms of in- 
hibition Often one organism may completely check the growth 
of another, later, growth may be resumed, although not quite 
normally The morphological effects produced by antagonists 
compose changes m form, size and structure of hyphae, direction 
of growth, as well as complete cessation of groui;h and abbrevia- 
tion of hyphal segments Among bacteria, the spore-formers are 
strong inhibitors, and actmomycetes exhibit strong inhibit or}" 
action against most filamentous fungi Ph 5 Tomycetes and 
basidiomycetes are more or less mert Ascomycetes and Fungi 
Imperfecti vary greatly m their mhibitory action Some yeasts 
are strong inhibitors 

Very little is known of the defense mechanisms of micro- 
organisms agamst the effect of toxic substances produced by 
antagonists Green (137) has shown that extracts of Brucella 
abortus and other bacteria contam a factor, designated as “P”, 
which specifically inhibits the bacteriostatic action of sulphaml- 
amide This substance stimulates the growth of many bacteria 
The neutralization of a growth mhibitor of bacteria by a growth 
stimulant has been indicated for 71 -ammobenzoic acid against 
sulphanilamide (289) The ability of many bacteria to produce 
an enzyme which destro 3 "S the bactericidal agent of microor- 
ganisms has been demonstrated in the case of penicillin ( 2 ) 

ANTAGONISTIC EFFECTS OF BACTERIA 

Among the bacteria most frequently mentioned as possessing 
strong antagonism to pathogenic organisms, Pseudomonas fluo- 
resccns, P putida and P aeruginosa {Bacterium pyocyaneum) 
occupj', m the early literature, a pronunent place Garr4 (115) 
found that P putida inhibits the growth of Staphylococcus aureus, 
E typhosa and Bacterium mucosus-capsulatus, but not of Bacillus 
anthracis and others Lewek (192) soon reported that B 
onthracis is also killed b\' the abo\e antagonist, whereas the 
growth of <S aureus and Vibrio comma is onh retarded, and no 
effect at all is exerted upon E typhosa and E cob , P fluorcscens 1 = 
antagonistic to B anthracis, but not to other organisms How- 
e\er, Olitski (245) demonstrated, in 1S91, that P Jluo-cscens 
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inhibits the growth not only of E typhosa, but also of B anthracis, 
V comma, Serraha marcescem and S aurem These and other 
apparently contradictory results were probably due to the 
specificity of the strains used by different investigators 
According to Laws and Andrews (190), the presence of F 
flvorescens in sewage greatly reduces the penod of survival of the 
typhoid organism Horrocks (160) also found that the latter 
does not develop m gelatin upon which P fluorescem was previ- 
ously grown The pathogen could not be detected m sterile 
sewage after the antagonist was present for seven days An 
antagonistic effect against E typhosa was also exerted by E coh 
Frost (110) established, in 1901, that a number of different 
bacteria are able to exert a marked antagonism against E typhosa 
P fluorescem exhibited the strongest effect, Proteus mdgans 
acted more rapidly, but the active substance did not diffuse to so 
great a distance mto the medium Filterable and thermostable 
antagonistic substances were produced, their action vaned with 
temperature, bemg most pronounced at 37'’, at ice-chest tempera- 
ture, the action was so delayed that the pathogen had an oppor- 
tunity to develop This was beheved by Frost to offer a possible 
explanation of the fact that when water supphes become contami- 
nated in cold weather their power of producmg infection is re- 
tamed longer than when the contammation takes place m warm 
weather 

The activity of the influenza orgamsm is largely dependent on 
the presence of accompanymg bacteria (365), some of these, es- 
pecially micrococci, are favorable to its growth, whereas others, 
such as P aeruginosa and B suhtilis, axe injurious Lewis (193) 
observed that the luxunous growth of P fluxyrescens m manured 
soil and m protem solution contammg B cereus is due to the antag- 
onism of the former agamst the latter B anthraais, B megathe- 
rium, Vibno comma, Chromohaclenum violaceum and Rhodococcus 
were also inhibited. Salmonella species were less sensitive, whereas 
E coll, Aerobacter aerogenes and Serratia marcescem were highly 
resistant P fluorescem was found to produce a water-soluble, 
thermostable substance which was toxic to vanous bactena, except 
the green fluorescent forms, it was also active against actmo- 
mycetes but not agamst fungi 
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Spore-forming bacteria as antagonists 

Among the spore-forming bacteria, Bacillus subtilis, B my- 
coides, B meseniericus, and, to a lesser extent, B brevis and 
B simplex, as well as some of the more heat-resistant types, the 
so-called Tyrothnx, occupy a promment place as antagonists, as 
shown m table 1 


TABLE 1 


Spore-forming bacteria as antagonists 


AKTAaomST 

OBaAKZBAfS A1TBCT2D 

rKOTTW psoprarr 

arrxBENca 

Bacillus anihracis 

Anthrax, typhoid and lactic 


307, 293, 


acid bacteria 


109 

B brens 

Gram-positive bacteria 

Two substances 

77 

B mesentencus 


crystallized 


Typhoid, anthrax, Shiga, 

Bactenolytic 

237 


pneumococci I 

Many bactena 


152 


Diphthena bactena 

Bactencidal 

10, 352 

B mesentencus vul- 

Helminthosponum sativum 


55, 260 

C diphthenae 

Thermolabile, 

265 

gatus 


non-filterable 


B mycoides 

7 to 20 species of bactena 

Lysis 

225, 226 


M tuberculosis 

Thermostable, 

176, 177 



precipitated by 
tungstic acid 


B mycoides, var 

Helminthosponum teres 


260 

Most pathogemc bactena 


107 

cyiolyiicus 

and many non-pathogens 



B simplex 

Rhizocionia solani 

Thermostable 

60 

B aubtilis 

Vanous bactena 

Bactenolytic 

237 


M tuberculosis, E typhosa 


337, 18 


Habies vims 


206 

B subtilis-mesenten- 

Mostly hving gram-positive 

Lysis 

288, 287 

CHS 

and dead gram-negative 
bactena 



Spore-fomung bac- 

Fungi 


270, 90, 

tena 



12, 273, 
260 


The term "lysobacteria” was applied (286) to those capable of 
dissolvmg hvmg and dead organisms The followmg differences 
were recognized between the action of antagonists and that of 
phage (a) the filtrate of the antagonist is active agamst other 
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bacteria, fresh filtrates of the antagonists are most active, the 
activity being destroyed at 70°, (fe) both hving and dead cultures 
of the antagonized bacteria are dissolved, (c) the action is not so 
specific as in the case of phage, (d) races of E colt resistant to 
phage are dissolved by the filtrate of the antagonist The filtrate 
acts upon intestinal bacteria not only tn intro but also zn vzvo 
Spore-formers are active antagonists agamst diphtheria and 
pseudodiphtheria organisms (10) Smee these antagonists were 
not found in saliva, and the sahva bactena were not active, the 
conclusion was reached that the action of sahva agamst bacteria 
was due to another factor rather than to its bacterial content 
Dubos (77) isolated from a soil enriched with various hvmg bac- 
tena a gram-negative organism {Bacillus brevis) which has a 
marked lytic effect agamst gram-positive bactena, mcludmg 
staphylococci, pneumococci, and others An active substance 
was isolated which also acts upon these bactena zn intro and zn 
vzvo Hoogerheide (157) also isolated from the soil an aerobic, 
spore-formmg bacillus which produces a very active substance 
it prevents the formation of capsules by Fnedlander's bactenum 
and is highly bactencidal Strams of spore-formmg bactena pro- 
ducing antagonistic substances are widely distnbuted m the soil, 
they are non-diastatic, gram-negative and produce hydrogen 
sulfide (320) 

Spore-formmg bactena are found to produce substances antag- 
omstic not only to bacteria but also to fungi (table 1) Cordon 
and Haenseler (60) isolated a spore-formmg bacterium {Bacterium 
simplex) which is antagonistic to Bhzzoctonza solanz, an important 
plant pathogen, the bactenum produces a thermostable sub- 
stance, which mhibits the growth and even causes the death of the 
pathogen B mesenterzeus grown on artificial media produces an 
active substance, which suppresses the growth of Helmvniko- 
spoTzum satzvum (55) It increases sporulation, inhibits or retards 
spore germmation, causes abnormal hyphal growth, and mduces 
mutations m certam strams of the fungus The substance is 
thermostable, diffusible, passes through a Berkefeld filter, is 
adsorbed by infusonal earth, withstands freezmg and desicca- 
tion, and does not detenorate readily It is destroyed by alkalis 
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but not by acids, and is inactivated or destroyed by certain fungi 
and bacteria 

The antagonistic spore-forming bacteria produce substances 
which act primarily upon gram-positive bacteria, but also to some 
extent upon gram-negative organisms It is of particular mterest 
to note that livmg gram-positive bactena are more susceptible to 
the action of these antagonists than hvmg gram-negative bacteria, 
whereas the reverse is true m the case of dead orga n i sm s (287) 

Nonspore-formi'ng hactena as antagonists 

Smce the early work of Bouchard (31), Emmerich and Low 
(93) and others, numerous non-spore-formmg bacteria have been 
shown (155) to be able to antagonize other bacteria (table 2), 
in many cases, the active substance was isolated and its chemical 
nature determmed Particular attention was paid to the pyocy- 
aneus and fluorescens groups, and much consideration was also 
given to the members of the colon-typhoid group 
Wathelet (350) found that, m mixed culture, the colon organism 
gradually replaces the typhoid (60, 239, 148, 302, 180, 224) 
Chatterjee (51) noted that typhoid and parat 3 ^hoid bactena 
fail to multiply when moculated mto media m which the colon 
bactenum has previously grown, a fact also reported by various 
other mvestigators (340, 209, 36, 343, 70, 254, 264, 370, 255, 324, 
180) The antagonistic action of paratyphoid agamst typhoid 
bactena has also been established (173) Nissle (239) mtroduced 
the term “antagonistic mdex” to express the relation between ty- 
phoid and colon organisms m a culture of the former moculated 
with the latter The term “minimum inhibitory ratio” was used 
to designate the ratio between two species at which one will over- 
grow the other (98, 236) Fulton (112) noted that when E cob 
aud Salmonella schottmuUen are grown m association, the second 
IS at first inhibited, but, after E colt passes its maximum develop- 
Dient, it also makes a good grovrth The occurrence of slow lac- 
tose-fermentmg strams of E coli m stools (168), as well as the 
uihibitory action found m certam stools seeded with E typhosa 
^as ascnbed to the antagonistic action of the former (239) 
different strams of E coli appear to repress the tj’phoid organism 
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TABLE 2 

N an-apore-fonmng baciena as aniagonttts 


AJtTAQOmeT 

OBQAmBJlB xrrcCTED 

XBOWN PBOPISIT 

BXrZBENCa 

Achromobacter bi 

1 Species of Fuaanwn, 


56 


Sclerolinia, Botryits 


Aerohacter aerog- 

B anihracta, Pasteurella 


142, 100 

enea 

pealta 


Alcaligenes fae- 

HelmtnOioaponum sp 


260 

caha 


Anaerobic bac- 

M iuherculoaia, B on- 


248, 155 

tena 

thracta 



Djplococci and 

Various bacteria 

Thennolabile 

m, 269, 247, 

pneumococci 



200, 100, 81, 
165, 98, 144, 
236 

Eberthella typhoaa 

E iyphoaa, P fiuorescens, 


116, 343, 131, 


E coh, B anthracts 


336, 305, 86 

Eachenchia calx 

Typhoid, paratyphoid, 

Mostly growth 

360, 239, 61, 


diphthena, Btaphylo- 

inhibition 

18, 143, 180, 


cocci 


271 


Proteolytic and putre- 


19, 329, 279 

1 

/active bactena | 

M tuberculosis, S an- 


142, 126, 166, 


thracta, and spore- 


306, 293, 336, 


forming bactena 


46, 172 

E coh BtrainB 

Other E colt strains 


239 

Klebsiella pneu- 

Anthrax, diphthena, 

Active filtrate 

262, 305, 109, 

montae 

bubomc plague, etc 


19, 236, 18, 
100 

AGorooocci 

V comma, M tuberculosta, 


199, 81, 231 


E typhoaa, B mehtsn- 
sts, etc 



Myxobactena 

Plant-disease-producing 

Thermostable, 

312 


bactena 

lytic 


Paaieurella ancida 

B anthracts, E iyphosa 


250, 109 

Proteus vulgans 

B anthracts, P pestts 


335, 100 

Clostndtum sporogenes 


242, 13, 353, 


and other anaerobes 


166 


Phyiophihora, Bastspo- 


174, 260 


rtum, Sclerottum, Olo- 
mervla 


11, 60, 23, 109, 

Pseudomonas 

B anthracts, E typhoaa 

rhermostable, S 

aeruginosa 

1 

V comma, etc 
Gram-negative bactena, ] 

filterable 

Gepiessed growth f 

93 

!80, 31, 369, 


M tuberculosta, and 
yeasts 


23, 138, 281 
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TABLE ’Concluded 


AKTAOOIfIBT 

OBOANUUS AITBCTED 

rwowN PBOPZBrr 

srrzBZKcz 

P fluorescens 

E colt, S marcescens, C 

Thermostable, 

116, 160, 307, 


diphthenae, B anthra- 
cts, etc 

filterable 

192, 246, 160, 
110, 193, 100, 
288 


Actinomycetee 

Lytic action 

211 

P phaseoh 

Fusanum sp 


21 

P translucens 

Ophtobolus gramtnts 


34 

Salmonella para- 
typhi 

E colt, B anlhracts, P 
peslts 


168, 335, 100 

Serratia marces- 

C chauvoet, B anihracts. 

Non-pigmented, 

80, 277, 282, 

cens 

staphylococci, micro- 
cocci, fungi 

thermostable, 

lytic 

89, 208, 16 


Gram-positive but not 
gram-negative bactena 

Alcohol-soluble 

pigment 

160 

Staphylococci 

Dead cells of vanous 
bactena 

Gram-positive bactena, 
anthrax, diphthena, 
plague orgamsm 


134, 366, 367 

101,18, 82, 100, 
61 

Streptococci 

Anthrax, diphthena, etc 

Antagonism not 
associated with 
hemolytic prop- 
erties or 
virulence 

73,91,252, 109, 
231, 302, 18, 
67, 45 

Streptococcus ere- 
morts 

S laciis 


362 

S laciis 

L bulgartcus 

Thermostable, 

non-filterable 

283 

S muscosus 

P peslts \ 


100 

S pyogenes 

1 B anthracis, Phylomonas | 
j lumefactens j 


25 


to a different extent, freshly isolated strains being more active 
than stock cultures (310) However, young, actively growing 
cultures of E typhosa inhibit the growth of E coh, older cultures 
being non-antagomstic (343) 

A bacteriophage was found (197) to dei elop as a result of the 
antagonistic action of E coh agamst the Shiga bacillus, this was 
behei ed to occur m the mtestmes v here antagonistic conditions 
are always present A similar antagonistic stimulus was obsen ed 
(99) for Sabno7icUa albus to E coh The weakest antagonists 
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were said (148) to belong to the paracolon group, the strains of 
medium activity to the colon organism, and the strongest antag- 
onists to the E coh-immobihs type 
Gratia (129 to 131) demonstrated that one stram of E coh may 
be mhibited by another (67) , however, some cells of the former 
may remam immune agamst the action of the latter An emul- 
sion of dead cells may become clear, when hvmg cells are added, 
an effect that was designated as autophage The mechanism of 
this action was variously explamed by a change m pH value of the 
medium, oxidation-reduction potential, or some direct effect of 
the bacteria Thermolabile, filterable substances have fre- 
quently been demonstrated (59, 142, 205) These were consid- 
ered either as auto-toxms or as proteolytic en 2 !ymes (255) 
Schillmg and Cahfano (302) found that the filtrate of E coh de- 
pressed only the dysentery organism of Shiga The active 
substances produced by E coh were beheved (145) to be thermo- 
stable hpoids, which are capable of brmgmg about lysis of the 
colon and other bacteria 

An extensive literature has also accumulated on the antagon- 
istic action of cocci Holman (156) suggested that many chances 
of error are possible m the case of mixed cultures, particularly with 
closely similar forms, pneumococci, for example, were found to be 
able to hve for long penods with non-hemolytic streptococci 
Pecuhar antagonistic relations between pneumococci and staphy- 
lococci were also observed (6) It was suggested (11) that adap- 
tive alterations are to be expected m the growth of bacteria m 
mixed cultures, the antagonism of one or the other was beheved to 
depend frequently upon their relative numerical abundance (98) 
LactohaciRus bulgancus was found able to modify the variation 
of E coh from the S to the R phase, inhibitmg its development and 
even brmgmg about its lysis, this took place only m the presence 
of the hvmg antagonist, no active substance could be demon- 
strated, and lactic acid itself had only a limited effect (5) When 
a yellow sarcma was used as the “feedmg orgamsm,” a stimulatmg 
effect was exerted on the growth of Brucella sp on solid media, m 
hqmd media, however, the hfe activity of the latter was repressed 
(182) A white staphylococcus exerted an antagonistic action on 
Brucella sp both m liquid and on sohd media 
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Certain acid-producing aerobes were found to inhibit toxin pro- 
duction by Clostndtum botvhnum in glucose but not in non-carbo- 
hydrate media (146) Smce acid itself was meffective, Holman 
(156) suggested that the acid must be m a nascent state A 
mixture of a Clostndium aporogenes with C hotuLinum mterfered 
with the development of the toxm by the latter, it was thought 
possible that this association might even cause the early disappear- 
ance of the botuhnus toxm (170, 63, 106) 

The antagonistic action of the non-spore-forming bactena com- 
prismg a great variety of organisms is no doubt due to several 
agents and mechanisms Very few of these are as yet suJBBciently 
understood, although many attempts have been made to utilize 
these antagonisms for disease control 

Antagomshc effects of aclinomyceles 

The ability of actmomycetes to repress the development of 
other microorganisms appears to be widespread (table 3) In 
view of the difficulty of identifymg these organisms as specific, 
well recognized types, most of the references are either to “white’’ 
or “pigment-producmg” types, or just to plam “Actmomyces ’’ 
Smce there are hundreds of species now recogmzed and not all of 
them possess antagonistic properties (230), the identity of the an- 
tagomsts may be considered, m most cases, to be unrecognized 
This makes a comparison of the results of different mvestigators 
rather difficult 

In 1890, Gaspenni (119) demonstrated that certam species of 
Actinomyces have a marked lytic effect upon bactena and fungi 
Greig-Srmth (140, 141), m his studies on the presence of toxic 
substances m soil, found that the antagonistic action of actmomy- 
cetes was directed against many bactena as well as agamst certam 
fungi, the fact that they grow only slowl 3 ’’ m normal soils suggested 
the possibdity that they comprise an important factor limitmg 
bactenal development In an attempt to find organisms that are 
effective agamst diphtheria of the pharynx, Rosenthal (285) suc- 
ceeded m isolating from the air a species of Actinomyces which he 
designated as the true biological antagonist of Loeffler’s organism 
The surface of an agar plate was coi ered with an emulsion of diph- 
theria bactena and moculated m sei eral spots with the antagonist 
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At the end of two days, the plate was covered with the growth of 
the diphtheria organism, except that the colonies of the 
actmomyces were surrounded by large transparent zones 
Gratia and Dath (133) suspended dead cells of staphylococci 
and other bactena in agar and exposed the plates to the air A 
white species of Actinomyces developed on the plates When 
this organism was transferred to a suspension of dead staphy- 


TABLE 3 

Antagonxslic action of aciinomycetea 


ANTAOOKIST 

OBGAKtaUfl AfTBCTKO 

KNOWW PBOPBBTT 

BETlBUrCB 

Actinomyces anti- 

■ All bactena and fungi, 

Thermostable, largely 

348 

bioticus 

especially gram- 

positive types 

bactenostatic 


A praecox 

A scabies 


219, 220 

Actinomyces sp 

Bactena and fungi 

Lytic action 

IIP 

Actinomyces sp 

Diphthena 

Growth inhibition 

285 

Actinomyces sp 

Pneumococci, strepto- 

Lysis of dead cells 

131, 133 


COCCI, staphylococci, 
P aeruginosa 

Substance thermo- 
labile 

359 

Actinomyces sp 

B mycoides, pro- 
actinomycetes, myco- 
bactena 

Bactencidal, with or 
without lysis 

30, 185 

Actinomycetes 

Dead and living bac- 
tena 

Lysis 

195 

Actinomyoetes 

Spore-forming bactena 

Repression of growth 

193 

Actinomycetes 

Gram-positive bactena 

Thermostable, pro- 

duced on synthetic 
media, resembles ly- 
sosyme 

230, 346, 
186 

Actinomycetes 

Pylhium 

Thermostable 

328 


lococci m sterile salme, characteristic flaky growth was pro- 
duced and the bacterial suspension became clarified m 36 hours 
When the lysed emulsion was filtered, it could agam dissolve 
a fresh suspension of the dead bactena This species of Acti- 
nomyces was found to be able to attack all staphylococci tested, 
as well as certain other bacteria such as P aeruginosa, howeier, 
it was mactive towards M tuberculosis and E coli This 
phenomenon was beheved to resemble the “mduced microbial 
antagonism” of Schiller (301), but it was distinct from bacteno- 
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phage This type of antagonism was considered to be widely 
distnbuted m nature and directed against many bacteria, patho- 
genic and saprophytic The fairly stable, active substance was 
present extensively m old cultures of this actmomyces, and was 
regarded as a highly specific proteol 3 dic enzyme Some strains 
of the actmomyces could also attack E colt, but this property 
could be lost The lysed material was designated as a “mycoly- 
sate" , it did not possess the toxicity of the non-lysed suspension, 
but retamed the antigemc properties of the latter (132) Gratia 
later (131) asserted that the actmomyces was also able to attack 
hvmg cells of bacteria, except E colt and E typhosa which had 
to be first killed by heat 

Welsch (359) designated this bacteriolytic substance as adtno- 
mycehn Some of the activity was lost on passage through 
bacterial filters Welsch divided the bacteria m their relation to 
actinomycetes mto three groups (1) those organisms which are 
lysed by the aqueous extract of agar cultures, namely pneumo- 
cocci and hemolytic streptococci, (2) bacteria which are not dis- 
solved even by the most active soluble substance, but which are 
depressed by the mycelium of the actmomycetes, mcludmg various 
sarcmae and 5 megathenum , (3) bacteria not acted upon either by 
the mycehum or by the active substance, compnsmg the colon- 
typhoid-paratyphoid and the pyocyaneus groups When these 
bacteria are killed by heat or are placed under conditions unfav- 
orable to multiplication, however, they are dissolved by the lytic 
substance Cells of E coh acted upon by radium emanation, 
which stops their multiplication, become susceptible to the lytic 
substance 

Vanous actmomycetes are reported (30) able to repress and 
lyse hvmg cells of spore-formmg bacteria A thermostable toxic 
substance is produced, especially on agar media The action of 
the toxm is weakened by an alkalme reaction and favored by an 
scid reaction When B mycoides and an antagonistic actmo- 
Diyces were moculated together m peptone media, no toxic action 
^as exerted, because the former alkalmized the medium rapidh , 
thus makmg conditions unfavorable for the production of the 
toxin by the antagonist The action of the toxm on B mycoides 
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resulted m elongation of the vegetative cells, due to a delay m 
fission and suppression of sporulation According to McCormack 
(211), aerobic conditions are necessary for the development of the 
antagonistic properties of actmomycetes, those requirmg less 
oxidized conditions are themselves antagonized B Tnegathcnutn 
was said to be antagonistic to certain species of Actinomyces but 
was itself antagomzed by others 
Many species of actmomycetes (but not proactmomycetes) 
were found (185) to produce a substance which possesses a 
strong bactericidal action agamst various microorganisms, m- 
cludmg proactmomycetes, mycobacteria and micrococci The 
cells were either lysed, or killed without subsequent lysis Spore- 
bearmg bacteria were not killed but were stopped m their develop- 
ment, however, non-spore-formmg bactena, mcludmg nodule 
bacteria and Azotobader sp , were not affected and actually grew 
m the filtrates of the antagonists 
Antagonistic actmomycetes are widely distnbuted m the soil 
(230) Out of 80 cultures isolated, 47 possessed antagonistic 
properties, but only 27 produced toxms These acted upon the 
same gram-positive bacteria, but not upon gram-negative bac- 
tena or fungi No relation was observed between active antag- 
omsm and pigmentation of the colomes, formation of soluble 
pigments (346), manner of sporulation or shape of spores Some 
strams were able (230) to excrete water-soluble toxic substances 
mto the medium but others did not The substances were ther- 
mostable heatmg for 30 mmutes at 1 5 atm only reduced some- 
what their activity Smce the capacity to produce antagonistic 
substances was possessed only by certam species, the utilization 
of this phenomenon for the systematization of actmomycetes as a 
whole was suggested Based upon the action of the antagonistic 
substance, mycobacteria could be differentiated from non-spore- 
formmg, especially nodule, bactena The production of the ac- 
tive substance was highest on synthetic media, and was rather 
weak or even totally absent m protem media 

Waksman and Woodruff (348) isolated from the soil an or- 
ganism, descnbed as Adinomyces antibioticus, which proved to be 
particularly active agamst a great vanety of bactena and fungi 
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It produced a highly bacteriostatic substance designated as acli- 
nomycin The organism was aerobic and produced dark-brown 
to black pigments on protem- and peptone-contain ing media, 
however, it was distmct m its physiology from the other chromo- 
gemc species 

Millard (219, 220) succeeded m controlhng potato scab, caused 
by Actinomyces scabies, by the use of green manures and grass cut- 
tmgs The development of scab on potatoes grown m stenhzed 
soil moculated with A scabies could be reduced by the simul- 
taneous moculation of the soil with A praecox, an obhgate sapro- 
phyte By mcreasmg the proportion of the latter to the path- 
ogen, the degree of scabbmg on the test potatoes was reduced 
from 100 per cent to ml Accordmg to Goss (128), the general 
soil microflora has a controlhng effect upon the development of 
scab, moculation with A praecox alone gave negative results 
Sanford (294) was also unable to obtam control of potato scab by 
the moculation of both steam-stenhzed and natural soil contammg 
different amounts of green plant matenals with A scabies and 
A praecox These orgamsms were perfectly compatible on potato- 
dextrose agar, as well as m a steam-stenhzed soil medium It 
was suggested that the control of scab obtained by Millard was 
possibly due not to the direct action of A praecox but to certam 
other undetermmed rmcroorgamsms favored by the presence of 
the green manure, or by other conditions (175) 

ANTAGONISTIC EFFECTS OF FUNGI 

A most extensive literature has accumulated on the antagon- 
istic effects of fungi, especially from the pomt of luew of causation 
of plant diseases The vanous mterrelationships studied mvolve 
the action of (a) fungi agamst bacteria, (6) of fimgi agamst fungi, 
and (c) of bacteria agamst fungi (table 4) 

In the study of staphylococcus variants, Flemmg (104) ob- 
served that around a large colony of a contammating fungus, 
i\hich proved to be Pcnicilhum notatum, the staphylococcus col- 
omes became transparent and ■acre obiuously undergomg hsis 
The pure culture of the fungus had marked mhibitori', bacteri- 
cidal and bacteriolj’tic properties for man> of the more common 
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pathogenic bacteria, including staphylococci, streptococci, diph- 
thena bacilli, gonococci and meningococci, but not for the organ- 


TABLE 4 

Anlaffontsitc effects of fungi 


ANTAaOiaST 

OBOiLtnun AirccMD 

lafoww pBoPBBrr 

BErafiBNCX 

Ccphalothecium 

Helmtnlhosponum salt- 

1 

136 

roseum 

vum 


89, 317, 274, 
111, 360, 318, 

Fungi 

Fungi 

Antagomsm 
against the 



same or other 

260, 366, 64, 



species 

64, 240, 86, 
304,342 

Helmtnlhosponum 

Ophtobolus gramtnts 

Thermostable 

36 

sativum 

Helmtnlhosponum 

Vanous fungi 

1 

260 

sp 

Hyphomycetes 
Pentctlltum luteum 

Pylhtum 

Ctlromyces, Aspergillus 

Thermostable 

76 

361, 246 

P nolalum 

ntger 

Staphylococci, strepto- 
cocci, diphtheria, 

Lytic action 

104, 68, 272, 
48,29 


gonococci, meningo- 
cocci, anaerobic bao- 



Pentctlltum sp 
Pentctlltum sp 

tena, etc 

Vanous fungi 
Helmtnlhosponum salt- 
oum 

Thermostable 
Suppression of 
growth 

35,273 

297 

63 

Psalhota campeslns 

Mycogone 


244 

TonUa sugantt 
Torulopsts sp 

Vanous fungi 
Demaltaceae 

Inhibition of 

growth 

216 

Tnchoderma liQ- 

Fusanum, other fungi 

124, 7 

norum 

Tnchoderma, Olto- 
cladium 

Acltnomyces scabies 
Rhtzoclonia, Pylhtum, 
Phytophlhora, Fusa- 

Lethal pnnciple 
isolated 

66 

7, 260, 149, 364 

num,Rhteopus,Sclero- 
iium, Blaslomycoides 
dermaltits, other fungi 


— - 



peiwcdlwi (58, 272) 
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Cham et al (48) succeeded m obtainmg from the culture 
medium a water-soluble, stable, brown powder of pemcillm which 
had great anti-bactenal activity The impure substance mhib- 
ited, m dilutions of 1 part m several hundred thousand, the 
growth of many aerobic as well as anaerobic bactena {C welchii, 
C sephcum, and C oedemahens) The material was also active 
in VIVO, subcutaneous mjections savmg the hves of mice mjected 
mtraperitoneally with Streptococcus pyogenes or Staphylococcus 
aureus Intramuscular infections of rmce with C septicum were 
also successfully treated by repeated subcutaneous mjections of 
pemcillm Bornstem (29) found that twenty-seven strams of 
enterococci and six of Streptococcus lactis were resistant to peni- 
cilhn, thirteen strams of S vindans were susceptible Other fungi 
also appear capable of producmg bactencidal substances (361) 

Harder (147), m a study of the behavior m mixed culture of 
fungi belongmg to the Basidiomycetes and Ascomycetes, found 
that young colomes do not produce so much of the toxic substance 
as do older colomes, hence they can grow close to one another 
Contophora cereheUa was held back by a species of Pemallium, its 
mycehum bemg considerably modified, m time, the former or- 
ganism adapted itself to the latter and overgrew it at a rate 
eventually more rapid than that of a pure culture 

In some cases, as for example, the reciprocal mfluences of 
Sderotium roJfsii and Fusanum vasinfectum, it was found (284) 
that, at pH values below 6 9, the former completely overgrew the 
latter, whereas m alkalme ranges the reverse process took place 
Se\ eral species of Pentcillnan and other soil-mhabitmg fungi w ere 
tested m steam-stenhzed soil for their effects on the ^'lrulence of 
Hcbntnthosporium sativum for wheat seedlmgs (297) Certain 
of the fungi exerted a marked degree of suppression, some had no 
effect, while others mcreased the \urulence of the pathogen 
There were marked \ariations m actmty among the spiecies of 
PcmciUium 

Certain fungi commonly found m the soil (species of Tricho- 
dcrma, later recognized as Ghocladium) ha\e a decided mhibitmg 
effect against \arious fungi, such as Rhizocioma and other plant 
pathogens (354) This effect is due to the production of an actn e 
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substance m the filtrate of the antagonist This “lethal pnnci- 
ciple, designated as ghotoxin, kills the antagonized fungus, 
It is also found to be highly toxic to Blastomycotdes dermaiiits, a 
causative agent of human skm disease 
The fungicidal effect of many bacteria has also been defimtely 
established Bamberg (12) isolated from com plants certain 
bacteria which mhibited the development of Ustilago zeae and 
destroyed the colonies of this fungus It was believed that the 
widespread distribution of these bacteria might bnng about a 
check on the multiplication of the pathogemc fungi m the soil. 
Four types of bactena antibiotic to smuts and to certam other 
fungi were described by Johnson (169), some of the bactena were 
found to produce enzymes that were able to dissolve the cell walls 
of the fungus spondia Carter (46) found that Helminthosponum 
sativum and a certam unnamed bactenum produce thermostable 
mutually mhibitmg substances, the bactenum and its products 
mhibited the growth of this fungus as well as of other members of 
the same genus The inhibitory agent was diffusible, acting 
upon H sativum on potato-dextrose plates for a distance of 10 to 
15 mm The toxicity of B meseniencus for this fungus has also 
been established (55) 

Two bactena belongmg to the genera Pseudomonas and Achro- 
mobaeter have been isolated (56) and found capable of bringing 
about the lysis of different species of Fusanum and other fungi 
These bactena were widely distnbuted m the soil, but were absent 
m certam flax-sick soils, m spite of the abundance of Fusanum sp 
The fungus did not develop and the plant disease did not occur in 
the presence of the active bacteria Nakhimovskaia (232) found 
that the presence of certain bactena {P fluorescens, Serratia sp ) 
m the medium mhibits the germmation of rust spores, spore- 
formmg bactena and'sarcmae did not exert any antagonistic ac- 
tion, but their presence affected the nature of the germmation 
process, the spores givmg nse to mycehum-hke forms with great 
numbers of copulatmg filaments, whereas, m the control cultures, 
yeast-hke forms prevailed and copulatmg cells were rarely en- 
countered 

In the infection of wheat seedhngs by Ophiobolus grammis, a 
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number of fungi and bactena were found (296) to exert a marked 
antagonistic action, not only the livmg cultures, but the culture 
jSiltrates were also effective m many cases (96) The growth of 
H saiivum and Fusanum graminearum upon sterilized soil could 
be completely suppressed by the addition of small amounts of un- 
stenlized soil or by the simultaneous moculation with a number 
of other fungi and bacteria, so that no infection resulted when 
wheat seeds were moculated with this soil (149) The fact that 
root-rot diseases of wheat are less severe when the crop is grown on 
summer-fallowed land than on land cropped to wheat for several 
years could be related to the growth of soil saprophytes, which in 
bare fallow have an advantage over the pathogens m competition 
for food Infection of wheat seedhngs by 0 gramims m sterile 
soil fell off rapidly with the reestablishment of the ongmal soil 
microflora (34) An mverse correlation was reported (223) be- 
tween the degree of infection and the protective effect of the gen- 
eral soil microflora An mcrease m soil temperature was found to 
mcrease the antagonistic action of the soil microflora to the para- 
sitic fungus (149, 117) 

The decay of fruits can also be suppressed or modified b}’’ mocu- 
lation with mixtures of known organisms (299) Accordmg to 
Potter (262), Pseudomonas destructans, the cause of rot of turnip, 
produces a potent, heat-resistant plant toxm, which is also de- 
structive to the pathogen itself By spraying timups with this 
bacterial product, the disease could be checked The same prm- 
ciple was found to hold true for oranges infected with Pemcilhum 
dahcum The mjunous action of certam common soil bacteria on 
Pseudomonas cUn, the cause of citrus canker, has also been re- 
ported (111) Wheat seedhngs were protected from infection by 
Helminthosponum and flax seedlmgs from Fusanum by the use of 
antagonistic bactena (260) A watermelon disease caused bj 
PhymatolricJxum ommvorum was reduced when certam fungi 
{Trxchodcrma hgnorum) and bactena were present m the soil to- 
gether with the pathogen (38) The se\enty of the seedlmg 
blight of flax, caused bj' F Znij, w as diminished w hen the pathogen 
was accompanied m the soil bj certam other fungi (325) The 
pathogcnicitj of H salu um on wheat seedhngs was suppressed b> 
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the antagonistic action of Tnchothectum roseum, which is beheved 
to produce a toxic substance (136) 

The role of microbiological antagomsm m the natural control 
of soil-bome fungus diseases of plants has been emphasized 
(295, 33, 296, 149, 34, 21) The prmciples of biological control 
have been outlmed (118) as follows The soil population is m a 
d 5 Tiamic biological equihbrium When a certam crop is grown 
contmuously, the multiphcation of various parasites capable of 
attacking the roots of that crop takes place (27) Orgamc ma- 
nures are known to stimulate the development of various sap- 
rophytes in the soil These multiply at the expense of the 
pathogens and are able to check their activity, either by prevent- 
ing their growth {fungistatic action), or by attackmg and de- 
stroymg the mycehum of the parasites [fungiadal action) The 
biological control of plant diseases is said to be most efifective 
agamst those organisms which have become highly specialized to a 
parasitic form of life 

Van Lmjk (341) suggested that biological control of plant para- 
sites may be obtamed by moculation of the soil with specific 
microorgamsms selected for their antagonistic capacity, or by 
the addition of their growth products However, Broadfoot 
(34) emphasized that the antagonism of a saprophyte to a plant 
pathogen, as measured by growth on artificial media, is not a re- 
hable measure of the actual control that may be exerted upon the 
parasite m the soil A lack of specific microorganisms is not 
considered to be a sufficient factor limiting biological control under 
natural conditions No moculation of soil with an antagomstic 
orgamsm, such as T lignorum, can ha% e more than a temporary 
effect m changmg the microbiological balance of the soil popula- 
tion Similar results were obtamed by Wemdlmg and Fawcett 
(357, 101), m then- attempts to control Rhizoctoma solam by the 
use of T lignorum, and by Cordon and Haenseler (60), by the use 
of a stram of Bacillus simplex Dames (65) found that T hg- 
norum produces a diffusible substance which is toxic to A scabies 
in an artificial hquid medium However, the toxic prmciple was 
rapidly destroyed by soil aeration It was beheved doubtful that 
this fungus could be of much assistance m combatmg potato scab 
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Fellows (103) obtained field control of the tahe-all (0 grarmms) 
disease of wheat in Kansas by the apphcation of certain organic 
matenals such as chicken and horse manure, alfalfa steins and 
leaves, boiled oats and barley, and potato flour Garrett (117, 
118) submitted evidence to prove that the factor chiefly control- 
hng the subterranean spread of the pathogemc fungus along the 
roots of the wheat plant was the accumulation of carbon dioxide, 
with correspondmg lowermg of the oxygen tension, m the micro- 
climate of the root zone This could best be mamtamed by 
periodical additions of orgamc manures Smce orgamc matter 
low m mtrogen was more effective than high mtrogenous ma- 
terials, it was postulated that the sod microflora uses the mycelium 
of Ophtoholm as a source of mtrogen The addition of mtrogenous 
matenals, either m an orgamc or m an morgamc form, was be- 
heved to protect the mycehum of the parasite by offermg a more 
readily available source of mtrogen Tyner (333) suggested that 
the differences m the imcroflora associated with the decomposi- 
tion of different composts are largely responsible for differences m 
persistence and virulence of pathogens causmg root-rots of 
cereals 

Considerable reduction m shme-disease of tomato plants was 
effected by the addition of green manures to sod before plantmg 
(338) Orgamc materials high m mtrogen, as weU as supplemen- 
tary mtrogen sufficient for complete decomposition of the orgamc 
matenal, were found to be most effective Thom and Morrow (327) 
found that orgamc matter is most effective m depressmg path- 
ogemc fungi, durmg the period of its active decomposition 
Kmg and associates (178) utilized the antagonistic action of sod 
microorganisms for the mactivation of pathogemc fungi m the 
sod before the crop-growmg season Orgamc manures were added 
to the soil, m order to control Phymatotnchum ommvorum, the 
root-rot of irrigated cotton under contmuous cultivation m 
Arizona By the use of the Cholodny shde techmque, it was 
possible to demonstrate (84) that microbiological antagonism 
represents the true mechanism of the control process The de- 
velopment of saproph 3 d;ic organisms was most profuse m the 
shdes buried m the manured plots, whereas the mycehum of P 
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ommvorum was most abundant on the shdes m the unmanured 
plots It was suggested that parasitism of the fungal strands by 
bacteria is one of the reasons for the dechne of the pathogen in 
manured soils Henry (149) beheved that the biological control 
by the soil imcroflora could even be directed agamst mtemal seed 
infection, smce appreciable infection of surface-stenhzed flaxseed 
was found to occur m stenhzed but not m unsterihzed soil 
The addition of bacteria to unsterihzed soil exhausted by 
growing flax was found to lower the percentage of plants diseased 
by Fusanum lim Novogrudsky (240) suggested the term 
“bactenzation” for the process of treatment of seed with active 
bacteria m order to protect the plant against pathogemc fungi 
It IS concluded that the effect of bacteria on germinating seeds is 
due to the hberated bacterial products capable of depressmg the 
development of parasitic fungi (15, 312, 184) Although, not in 
all cases conclusive, the results fully justify the hope that a better 
knowledge of the soil antagonists may lead, if not to complete 
control, at least to a certam amount of control over the numerous 
plant diseases caused by pathogenic fungi, especially those that 
persist for a certam length of time m the soil 


ANTAGONISTIC ACTION OF ANIMAL FORMS 


Based upon the known fact that protozoa are able to feed upon 
bacteria, a theory was propounded, namely the “protozoan theory 
of soil fertihty,“ that protozoa are responsible for the limited 
fertihty of certam soils Accordmg to this theory, the bactena 
are viewed (291), as the sole agents responsible for the hberation 
of nutrients m the decomposition of soil organic matter and their 
transformation mto forms available to higher plants The pro- 
tozoa, through their capacity of consummg bacteria, are consid- 
ered as the agents controllmg soil fertihty The mcreased fer- 
tility resultmg from treatment of soil with heat and certain 
chemicals is regarded as a result of the destruction of the proto- 


zoa, the “natural enemies of the bactena " 

Subsequent mvestigations have not supported this theory (347) 
When protozoa were added to cultures of bacteria concerned in 
certam specific processes (53), they fed upon the bactena an 
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brought about considerable reduction m bactenal numbers, this 
was not accompanied, however, by a detrimental effect upon the 
specific bactenal processes Pure cultures of bacteria were found 
to multiply m a nutnent medium until a limitmg population was 
reached (43) Protozoa grew m that medium without bactena 
only when the concentration of the food supply was mcreased 
100 to 1,000 tunes, m the presence of bactena, they grew also m 
the dilute solution The bactena thus acted as collectors or con- 
centrators of the food for the protozoa Bactenal numbers were 
thereby reduced, but bactenal activities contmued The pro- 
tozoa kept the bactena below the saturation pomt, thus pro- 
vidmg conditions for more contmuous bactenal multiphcation and 
for more complete oxidation of the orgamc matter 

The effect of protozoa upon bactena may thus actually be bene- 
ficial to natural processes (62, 214, 233, 322), as for example m the 
fixation of atmosphenc mtrogen, the hberation of ammonia from 
proteins, and the formation of carbon dioxide from carbohydrates 
Cutler and Crump (62) suggest, therefore, that the presence of 
protozoa m the soil may keep the bactena at a level of maximum 
efiBciency The favorable effect of partial sterilization of soil may 
be explamed (193) by the destruction of the bactenal antagonists 

Vanous bacteria, especially Pseudomonas aeruginosa, have been 
found (52) to exert a toxic effect upon protozoa, hmitmg then- 
development or brmgmg about their destruction (201, 257) The 
protozoa may develop a certam resistance agamst specific bacte- 
nal products (257) Protozoa are also known to feed on bactena 
pathogemc to man (164, 102, 321, 267), animals, and plants 
(278, 154) 

The importance of protozoa m the cycle of natural processes 
thus consists not m the mere destruction of bactena, beneficial or 
injunous, but m estabhshmg a variety of relationships with the 
bactena, favonng the activities of some and impairmg the activi- 
ties of others 

A vanety of bactena, fungi and nematodes have been found 
capable of destroymg the larvae of vanous beetles m the soil 
Some of these org anisms have thus been utilized for combatmg m- 
sect diseases of plants (216) Once these organisms have become 
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estabbshed m the soil, the beetles tend to disappear (123, 83) 
The abihty of saprophytic nematodes to destroy root-knot nema- 
todes has also been utihzed for the destruction of the latter 
Heavy apphcations of organic materials to the soil were found 
(196) to result m a greatly mcreased population of saproph 3 dic 
nematodes The decomposition of the orgamc residues supports 
large populations of plant and animal microbes destructive to the 
parasitic nematodes Here belong the nema-capturmg fungi 
(74, 68), the non-trappmg fungal parasites, predacious mites, as 
well as a variety of bactena 

CHEMICAL NATURE OF THE ANTAGONISTIC SUBSTANCES PRODUCED 

BT MICROORGANISMS 

All bacteria were once said (26) to produce, at a certam stage of 
their development, antagonistic substances that are thermolabile 
and soluble m ether, alcohol and other solvents It is now defi- 
mtely recognized that only certam species and frequently only 
specific strams of microorganisms are able to produce bacten- 
ostatic and bactericidal substances These vary greatly m their 
chemical properties, m toxicity to animals, and m the mechanism 
of their action The differences are often more of degree than of 
kin d For purposes of classification of these active substances the 
foUowmg criteria may be used (o) solubihty m various reagents, 
(5) specific chermcal nature, (c) specific bacteriostatic and bacteri- 
ciilal properties, (d) toxicity to animals and action in woo, (e) 
nature of the organism producmg such substances 

Some are soluble m water, but not in organic solvents, some are 
soluble m alcohol or m chloroform, but not m ether and m acetone, 
some are soluble m these solvents, but not m water Chermcally, 
these substances may be classified as, (a) hpoids and hpoid-hke 
bodies, (6) pigments, (c) polypeptides, (d) sulfur-bearmg com- 
pounds On the basis of them biological activity, they vary con- 
siderably, some actmg m low and others m high concentrations, 
some act best upon gram-positive bactena and less well upon 
gram-negative organisms, whereas others act chiefly upon fungi, 
some are pnmanly bactenostatic, some are bactencidal, and some 
are bactenolytic On the basis of their toxicity, they can be 
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classed as, (a) Bon-toxic or of low toxicity, (6) fairly toxic or (c) 
highly toxic Some of the substances have been crystallized, m- 
formation has been gamed concemmg the proximate chemical 
composition of others, the nature of most others is still imperfectly 
understood (table 5) 

The active bactencidal agents produced by Pseudomonas aeru- 
ginosa have received the most attention (93) Recent evidence 
pomts to pyocyanase bemg a bpoid and contammg unsaturated 
fatty acids (150, 20) Pyocyamn is a chloroform-soluble pigment 
which can be synthesized The solution, left after the removal of 
the blue chloroform extract, when treated with ether gives a 
yellow pigment, a derivative of pyocyamn called (371) hemipyo- 
cyanin, which is also active (183) The fluorescin remammg m 
the culture, after the ether and chloroform extractions, is inactive 
Pyocyamn diffuses more readily than pyocyanase (259) 

Pyocyanase acts upon a variety of bacteria, mcludmg E coh 
and E typhosa, but not Proteus vulgaris Accordmg to Gundel 
and Wagner (145), however, pyocyanase does not act upon the 
colon-typhoid group of bacteria Different strams of P aervh 
ginosa may contam either pyocyanase or pyocyamn or both 
Pyocyanase was at first looked upon as an enzyme belongmg to 
the class of nucleases (92) It had, even m very low concentra- 
tions, a marked destructive effect upon diphtheria, cholera, ty- 
phoid and plague organisms, as well as on pyogemc streptococci 
and staphylococci, the cholera cells were rapidly dissolved 
Bacterial toxms were rendered mactive m a few seconds The 
action of the preparation was foimd to be proportional to tune and 
concentration, and mversely proportional to the numbers of bac- 
teria acted upon It could be heated without much destruction, 
for two hours, m flowmg steam, although some claimed (324) that 
the activity was thereby reduced The enzyme nature of pyocy- 
anase gamed further support because (1, 218, 358) the activity of 
certam bacterial enzymes heated at 100°, for 15 to 30 mmutes, is 
not always destroyed 

The enzjmatic nature of pyocyanase was not umversally ac- 
cepted, however, because of its thermostabihty (179, 69) Dietnch 
(69) ascribed the action of pyocyanase to a change m osmotic 
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TABLE 5 

Summary of certain selective bacteriostatic and bactericidal substances of microbial 


origin 


BV7J&TA2faS 

OBaAmBa 

PB0PEBTZE8 

BZFEBEKCC 

Actjnomycetin 

Actinomyces 

albus 

Water-soluble, precipitate 
by alcohol, thermolabile, 
protem-like Lysis of 

dead bacteria 

d 134, 369, 360 

Aotinomycotm 

(Lysozyme) 

A tnolaceus 

Water-soluble, ether- and 
alcohol -insoluble, ther- 
mostable, similar m 
action to lysozyme 

185, 186 

Actmomycin A 

A anlibiolicus 

Soluble in ether, alcohol, 
benzol and chloroform, 
not in petrol ether, 
orange-colored pigment, 
toxic, highly selective 
bacteriostatic action 

348 

Aotinomyom B 

A antibioticus 

Soluble in ether, petrol 
ether, alcohol, but not in 
water, colorless, largely 
bactencidal 

348 

Ghotoxin 

(C,4H„NAOO 

Tnchoderma 
sp , Oliocla- 
dium sp 

Soluble in chloroform, ben- i 
zol, alcohol, spanngly 
soluble in water, fungi- 
cidal and bactencidal 

356 

Gramicidin 

(Ct^HimNuOiO 

Bacillus brevis 

Soluble in ether, acetone, 
lytic against gram-posi- 
tive bactena, toxic, active 
in VIVO, polypeptide 

77, 162 

Pemoillin 

Penicillium 

notaium 

Alcohol-soluble, thermo- 
labile, low toxicity 

104, 272, 58 

Pyocyanase 

Pseudomonas 

aeruginosa 

Lytic on many bactena, 
thermostable hpoidal , 
activity largely due to 
unsaturated fatty acids 

92, 18, 94, 24, 
100, 183, 259, 

348 

Pyooyamn 

P aeruginosa 

Chloroform-soluble, blue 
pigment, thermostable, 
bactencidal action hmi ted 

150, 143, 183, 

371 

Tyrocidin 

(C4iH«N,Oii) 

Bacillus brevis 

Insoluble in ether, soluble ' 
in absolute alcohol, lytic 
to gram-positive as well 
as gram-negative bao- 
tena, toxic, polypeptide 

n, 162 
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pressure. Raubitschek and Russ (269) emphasized that the solu- 
bihty of the substance in ether, chloroform and benzol does not 
speak for its bemg an enzyme, nor the fact that temperatures of 
0° to 37° do not mfluence its activity It seemed to be merely a 
hpoid (145, 247, 344, 150, 75, 20) Hettche (150) reported that 
pyocyanase consists of a phosphatide, a neutral fat and a free 
fatty acid The bactericidal properties were said to be due to the 
free fatty acids A definite relation was found between the num- 
ber of double bonds m pyocyanase and its bactericidal properties 
(150, 20) This information may be correlated with the findin g 
(75) that most fatty acids exert bactencidal and bactenol 3 dic 
effects upon gram-positive bacteria, whereas gram-negative or- 
ganisms are not lysed, which thus tends to explam the greater 
effectiveness of pyocyanase upon the former 

The pigment also was found (143) to possess lytic properties, a 
1 1000 dilution of pyocyamn bemg able to lyse E coli m 6 hours 
Kramer (183) beheved that pyocyamn acts only on gram-positive 
bactena Pyocyamn was said to be most effective m young cul- 
tures and pyocyanase m old cultures (150) The pigment ap- 
pears to influence bacterial respiration (87) 

An enzyme capable of decomposmg the capsular substance of 
pneumococci has been isolated by Dubos and Avery (78, 76) from 
certam soil bactena This enzyme is highly specific, actmg only 
upon one t 3 T)e of pneumococcus which is thereby rendered sus- 
ceptible to destruction by phagocytosis It is produced only m 
the presence of the capsular polysaccharide or of the aldobiomc 
acid denved therefrom The enzyme seems to be associated with 
a protem which passes through a collodion membrane with an 
average pore size of 10 6 ti, but is held back by pores of 8 2 ^ 
(78, 127, 305) 

The credit for havmg first isolated, from spore-formmg bactena, 
specific chemical compounds m crystallme form, aside from the 
work on the bactenal hpoids, is due to Dubos (77) By applymg 
the pnnciple of ennchment of soil with pathogemc bactena, he 
isolated a spore-formmg bactenum capable of brmgmg about lysis 
of vanous hvmg gram-positive organisms The active material, 
iyrothrxcin, is protem-free, non-volatile, non-dialyzable through 
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collodion, and heat-labile It is alcohol-soluble, water-insoluble, 
stable at alkahne reactions, but is rapidly inactivated at reac- 
tions more acid than pH 5 5, even at room temperature When 
redissolved m a neutral medium, the substance exhibits the lytic 
activity of the ongmal solution from which it was extracted 
The bactencidal matenal can be further purified and separated 
mto several crystalhne preparations Grarmcidin is obtamed by 
extractmg the crude alcohol-soluble matenal with a mixture of 
acetone and ether, evaporatmg, dissolvmg m boihng acetone and 
coolmg The crystals are spear-shaped, colorless platelets, melt- 
mg at 228-230° The substance 3uelds 62 7 per cent C, 7 5 per 
cent H and 13 9 per cent N, with a molecular weight of about 
1400, suggesting the empmcal formula C74HiotNi40i4 It has no 
free basic nor acidic groups, and contams 10 molecules of a-amino 
acids of which 2 or 3 are tryptophane residues 
A second fraction, designated tyrocidtn, is insoluble m acetone 
or ether, and soluble m acidified boihng absolute alcohol, from 
which it precipitates on coolmg The product is recrystallized 
from acidified absolute methanol yieldmg clusters of microscopic 
needles meltmg at 237-239°, with decomposition It is similarly 
built up of ammo acids but contams one free carboxyl, one tryp- 
tophane and one tyrosme group per molecule The molecular 
weight IS given as about 900 and the compoimd represented by 
the formula C44H63N9O11 Gramicidm acts agamst gram-positive 
bactena, while tyrocidm is also active agamst gram-negative 
bactena (162) The two substances are highly toxic, especially 
gramicidm of which 0 3 mg kiUs a mouse when mjected mtrapen- 
toneally (203) These or similar compounds appear to be widely 
distributed among spore-formmg soil bactena (157, 320) 
Actmomycetes are known to produce at least three types of 
active substances (a) aciznomycehn, (b) lysozyme, and (c) actzno- 
myczn The first is water-soluble (134, 359, 360) and acts pnma- 
nly agamst dead bactena, although hvmg bactena were later also 
found (131) to be affected It is thermolabile and destroyed by 
ultraviolet rays and by strong acids, but not by mild antiseptics 
It IS precipitated by acetone, alcohol and ammomum sulfate 
Borodulma (30), however, found that the toxic agent of actmo- 
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mycetes antagonistic to Bacillus mycoides is thermostable These 
differences m heat resistance pomt to possible chemical differences 
m the nature of the preparations produced by different actmomy- 
cetes Other Russian mvestigators (185, 186) also found a type 
of actmomycetm which is filterable and resistant toward radiant 
energy, it is said to resemble egg-white lysozyme, but not to be 
identical with it It is soluble m water, but insoluble m ether, 
petroleum ether, benzol and chloroform 
Actmomycm obtained from A antifnoticus (348) is separable mto 
two fractions A, soluble m ether and m alcohol, but not m 
petroleum ether, and givmg a clear solution m water, B, soluble 
m ether and m petroleum ether, soluble with difficulty m alcohol, 
and givmg a turbid suspension m water Actinomycin A is 
bnght red m color, givmg a yellow solution even m concentrations 
of IfjLg per ml, it possesses extremely high bacteriostatic proper- 
ties, but is rather slowly bactericidal It is produced m hquid 
and m sohd, morgamc and orgamc media, and is completely re- 
moved by charcoal, it is not affected by heat, and is only partly 
removed by passage through a Seitz filter Actinomycin B has 
httle bacteriostatic action but is actively bactencidal 
PemciUin, produced by Penicilhum notalum, has a strong anti- 
bactenal action (104) Gram-negative bacteria are least sensitive 
and pyogemc cocci most susceptible It is soluble m alcohol, but 
not m ether or chloroform, it is mactivated by oxidation and by 
evaporation at 40 to 45°, m acid and alkahne solutions, although 
it IS fairly stable at pH 5 to 6 However, at pH 2 0 it is com- 
pletely soluble m ether The substance is extremely labile (58) 
It does not dialyze through collodion membranes and resists 
heatmg at 60 to 90° for short periods, and 100° for 5 mmutes, but 
not for 10 mmutes (272) Light (nch m ultraviolet rays), as well 
as oxygen, hydrogen and carbon dioxide bubbled through the 
medium prevent its formation or cause its destruction The most 
active preparation completelj^ inhibits the growth of staphylococci 
m dilutions of 1 800 If permanently adjusted to pH 6 8, pem- 
cillm retains its potency for 3 months 
Another type of compound produced by certam fungi, belongmg 
to the genera Tnchoderma and Ghodadium, was isolated by 
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Wemdling and designated as gliotoxin (356) The penod of 
greatest activity was produced in 2 days, soon after germination of 
the fungus spores The nature of the medium and the final reac- 
tion are important for the production of the active substance It 
IS extracted from the culture with chloroform, the latter is then 
distilled off and the residue taken up m a small amount of hot 
benzene, or 95 per cent alcohol, from which, on coohng, silky white 
needles crystalhze out The substance, recrystaUized from ben- 
zene or alcohol, has a molecular weight of 347 and the chemical 
formula Ci«Hi 6 N 2 Sj 04 It inhibits the growth of Rkizoctoma 
hyphae up to a dilution of one m three milhons The crystals, as 
well as the crude matenal, are also toxic to Tnchoderma, but the 
nunimu m lethal dose is about 40 times greater than that for 
Rhtzodoma The active substance is sparmgly soluble m water 

DISEASE CONTROL BY UTILIZATION OF ANTAGONISTIC 
MICRO ORGANISMS 

Numerous attempts have been made to utilize microorganisms 
for the control of vanous diseases m man, animals and plants 
As early as 1877, Pasteur (251) noted that the development of 
anthrax m sensitive animals can be repressed by the simultaneous 
inoculation of Bacillus anthracis with vanous other bactena 
Pasteur may thus be looked upon as the first one to advance the 
idea of bacteriotherapy 

In 1885, Cantani (44) treated a patient suffermg from tuber- 
culosis with a culture of a saprophytic organism, designated as 
Bad termo The effects were highly favorable He expressed 
the hope that other infectious diseases of a local nature or readily 
accessible might m time be treated with saprophytic bactena that 
are antagonistic to the pathogens 
Emmench (91) found that anthrax can be controlled by the 
simultaneous moculation with other bactena, such as species of 
Streptococcus, orgamsms once looked upon as agents for render- 
mg the organism resistant to all bactenal infections Pawlowsky 
(252) obtamed resistance agamst anthrax mfection by moculation 
with Fnedlander’s bacillus Bouchard (31) had good results from 
simultaneous moculation with Pseudomonas aeruginosa, however. 
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this did not impaxt permanent resistance to the animals There 
are numerous other instances on record of reduction m pathogem- 
city of one organism by the presence of others (23, 50, 94) 

In order to overcome the destruction of pyocyanase m animal 
tissues, Emmench and Low prepared “unmunoproteids,” which 
consisted of a mixture of pyocyanase with blood or other animal 
tissues Rabbits could thus be protected agamst anthrax 
Woodhead and Wood (369) used a stenhzed ten-day-old culture 
of P aerugmosa and obtamed heahng action agamst anthrax m- 
fection, or at least a delay m the course of its development 
Vaerst (339) succeeded m curmg rabbits infected with anthrax by 
means of a pyocyanase preparation (11) , and pyocyanase was soon 
(94) apphed agamst various infections 

There has been considerable disagreement over the therapeutic 
action of pyocyanase This was largely due to the variation m 
the nature of the preparations (200), and especially, the stram 
employed Kramer (183) showed that the activity of pyocyanase 
depends on such factors as the nature of the stram, smce not all 
strams are equally effective, the composition of the medium, glyc- 
erol-contammg media bemg most favorable, and the method of 
extraction of the active substance 

Gat4 and Papacostas (120) observed that mixed infections were 
usually nuld (49), mixed cultures of the bacillus of Fnedlander 
and Corynebactenum diphthenae gradually gave a predommance of 
the former on repeated transfer No toxm was produced when 
the filtrate of the culture of the antagonist was used for growmg 
the diphtheria organism The therapeutic use of filtrates was, 
therefore, suggested The subcutaneous mjection of beer yeast 
was found (332) to protect rabbits against fatal streptococcus and 
staphylococcus infections 

Gratia (131) prepared a vaccme for immunization purposes by 
allowmg the specific organism to be acted upon by an antagonist 
The culture was heated to 56°, dissolved by the use of an actmo- 
myces, and the resultmg solution was employed as the vaccme 
Bumm (42) used a preparation designated as neocolysin, made up 
of Iivmg, proteolytic bacteria, which gave good results m chronic 
purulent conditions such as osteomyehtis The bacteria were 
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supposed to continue growing as long as there was dead tissue 
available The apphcation of bactenotherapy for treating 
chronic infections of the middle ear (266) and of actinomycosis 
(71) has also been suggested 

Besredka (17) used a filtrate from an anthrax culture for dress- 
mgs or for mtracutaneous injections, the results obtained were 
as good or even better than those obtamed with the bacterial 
vaccme Later, he utilized staphylococci and streptococci for 
sunilar purposes He beheved that a substance {“antivirus”) 
secreted by the bacteria is dissolved m the filtrates, which sub- 
stance checks further growth of the bacteria Although m many 
studies of this phenomenon (47, 209, 243), suggestions were made 
that the favorable effect is due entirely to the medium (4), the 
therapeutic results of Besredka have largely been confirmed The 
general opmion is that the filtrate does not act upon the mfectmg 
bacteria directly, but rather upon the tissue by way of local 
immumzation Although an occasional increase of resistance 
caused by the non-specific filtrates has been found, the protection 
produced by specific filtrates seems to be more mtense and more 
dependable (243) 

Morgan and Harvey (222) showed m 1909 that F typhosa is in- 
hibited by the free growth of antagomstic bactena As a result, 
there was beheved to be particular danger when pasteurized milk 
becomes contammated with this pathogen Metchnikoff (217) 
suggested utihzation of the antagonism between lactic acid and 
proteolytic bactena for repressmg the growth of the latter Pure 
cultures of lactic acid bactena are mtroduced mto the food of 
rpan m order to repress m the mtestmal canal the proteoljdic bac- 
tena which are supposed to bring about the mtoxication of the 
system In recent years, Lactobacillus acidophilus, an inhabitant 
of the human mtestme and possessmg antagonistic properties 
agamst undesirable mtestmal bactena, has come to the front 
Flemmg (104, 105) suggested that peniciUm could be used as a 
dressmg for septic wounds This preparation has httle toxic 
effect and seems to be supenor to dressings containing active 
chemicals The diffi culty m the use of penicilhn, as in the case 
of pyocyanase, is due largely to the fact that the preparation does 
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not maintain its potency for more than a few weeks PemciUm is 
not related to any chemotherapeutic substance now m use (48) 
As compared with sulphonanoide drugs, it is (2) not inhibited by 
tissue constituents and pus, thus offermg a defimte advantage 
from a chemotherapeutic pomt of view 

Gramicidm mjected mtrapentoneally mto white mice, was 
found (77) to exert a therapeutic action agamst experimental peri- 
tomtis caused by pneumococci and streptococci However, it is 
almost completely meffective when administered by the mtrave- 
nous, mtramuscular, or subcutaneous route Particularly favor- 
able results were obtamed (198) with chronic mastitis Sterile 
mmeral oil was foimd to be a smtable, non-untatmg medium for 
its administration Of 31 quarters of cows naturally infected 
with Streptococcus agalactiae and treated by the gramicidm-oil 
mixture, 26 seemed to have responded by a complete disappear- 
ance of the streptococci The infection m some of the cured cases 
was of a severe chrome nature Grarmcidm-hke preparations 
have also been used (212) m the treatment of local infections, 
such as osteomyehtis 

Thus far, the utilization of specific microbial products for the 
control of plant diseases has made comparatively httle progress 
(191, 60, 241) Various Russian mvestigators (15, 56, 240, 234) 
recommend the moculation of plant seeds with bacteria (“bac- 
tenzation” of seed) m order to combat mfectious diseases 
This phenomenon appears to mvolve, however, vanous complex 
soil-plant-microbe mterrelationships (181, 316) 

RETROSPECT 

Ranging between the phenomena of true parasitism, where one 
organism hves m or upon the h^^ng body of another, and true 
saprophytism, where one organism merely destroys the waste 
products and dead cells of the other, there is a wide range of rela- 
tionships between livmg systems which may be designated as 
associative and antagomstic m the first, one organism assists the 
other, whereas m the second, one organism is injurious to the 
other The antagonistic effects vary from those of space rela- 
tions between the antagonist and its neighbor, where the prox- 
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unity of one organism is injurious to the growth of the other, to the 
production by one organism of defimte chemical substances which 
injure or interfere with the growth of the other As is generally 
the case with parasitic relations, the antagonized organism fre- 
quently develops a protective mechanism against the antagonist 
and IS often able not only to neutrahze its effect but even to 
destroy it Often a balanced condition is established between the 
two organisms, where both are able to survive the antagonistic 
effects 

Numerous instances are found m nature where the presence or 
mtroduction of one organism leads to the destruction of another, 
whenever the latter, m its turn, leads a parasitic existence upon 
higher forms of life, the antagonist becomes a beneficial agent to 
these m their efforts to overcome the effects of the parasite or to 
destroy it This phenomenon is largely influenced by the host 
species, by the type of parasite, as well as by the nature and degree 
of infection 

Just as the pathogenic bactena are commonly beheved to have 
evolved from the harmless saprophytes, so the organisms possess- 
mg antagonistic properties must have evolved m some manner 
from those that do not possess such properties Otherwise, how 
could one explam the capacity of certain strams of such common 
umversal saprophytes as Bacillus sublilis and B mycoides to pro- 
duce powerful agents capable of brmgmg about the lysis of numer- 
ous pathogenic and saprophytic bacteria*^ The fact that many 
pathogemc bacteria produce substances antagonistic to their own 
kmd or to other pathogens has actually been utihzed m an attempt 
to combat these agents of infection 
The mechanism of the action of the antagonist varies greatly 
and appears to depend largely upon the specific natme of the 
active substances Some of these appear to be produced by only 
one organism, others are produced by many organisms, some 
antagonists, on the other hand, produce more than one active 
substance The action of the antagomst may be either primarily 
bacteriostatic or largely bactericidal, the latter may or may not 
be accompamed by the lysis of the antagomzed cells Whereas m 
many cases the livmg cells of the prey are lysed by the antagonist, 
m other cases, the dead cells are lysed more readily 
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The substances produced by these antagonists also vaiy greatly 
in their effectiveness, when injected into the animal body Some 
possess a low toxicity (pyocyanase, pemcilhn) , others are highly 
toxic (gramicidm, and especially actmomycm) This as well as 
differences m the solubihty of these preparations account for the 
differences m their utihty Some appear to act better when 
apphed to combat local infections, whereas others may become 
useful m attackmg more generalized infections 

There is mcreasmg appreciation of the fact that nature harbors 
many unknown organisms that are capable of combatmg disease- 
producmg bacteria, fimgi, worms and msects Our knowledge of 
the activities, potentiahties, and importance of these microbes is 
still mcomplete Man, m his struggle for existence succeeded, be- 
fore the development of microbiology, m domesticatmg and 
utihzmg the activities of many microbes Here belong the lactic 
acid bactena of milk, the wme-fermentmg, beer-fermentmg and 
bread-fermentmg yeasts, the silage-producmg, sewage-digesting, 
compost-producmg and soil-mhabitmg microSrganisms How- 
ever, these represent only a small fraction of the microbial world 
It IS possible that we are finally approachmg a new field of domes- 
tication of imcroorganisms for combatmg the microbial enemies 
of man and of his domesticated plants and animals 

Many practices m surgery, as well as old-time remedies, are 
based upon the creation of conditions favorable to the develop- 
ment of antagonistic microorganisms The method of cast 
surgery, mtroduced in the Spanish Civil War, and the apphcation 
of urme to cracked skm and local wounds, as practiced by certam 
farmers m this country may serve as illustrations The chance 
contaminants may possibly serve as the antagonistic agents, to 
what extent the application of pure cultures of antagonists may 
improve such practices still remams to be determined Trueta 
(331) states that plaster-treated wounds which gave, without the 
use of antiseptics, such marvelous effects durmg the Spanish Ci\nl 
War, were found to contam aerobic bactena with no one group 
predommatmg, except for Bactenwn pyocyanexim tendmg to 
become more numerous, when the healmg process has been estab- 
hshed 

The utilization of fungi and bacteria for combatmg plant 
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diseases has also been vanously attempted The difficulty here 
IS to establish the antagonist m the soil This can be done only 
when conditions are modified, as by addition of stable manure or 
other plant and animal residues, which favor the development of 
the antagonists Among the various other possibihties for utih- 
zmg antagonistic microorganisms m combatmg disease-producmg 
and other mjunous organisms, the methods of control of msects 
and other lower animal forms occupy an important place The 
Japanese and other Asiatic beetles, which are so highly destructive 
to plants, have thus been combated rather successfully 
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THE WASSERMANN ANTIGEN AND RELATED 
“ALCOHOI^SOLUBLE” ANTIGENS 

A J WEEL 

Division of Biological Research, Lederle Lahoratones, Inc , Pearl River, New York 

The attempt is made m this review to present material scattered 
rather widely m scientific periodicals — some of them not every- 
where equally obtamable — and considered m textbooks and 
handbooks mostly from the viewpomt of its possible bearmg on 
the sero-diagnosis of syphilis This is explamed by the circum- 
stance that substances of the type under consideration originally 
came mto the orbit of mvestigation as the antigen of the Wasser- 
mann reaction and alhed methods for the diagnosis of syphilis 
Subsequent immunological mvestigation has revealed the rather 
ubiqmtous presence of such substances m hvmg matter Little, 
however, is known about their biological significance It will 
be seen that durmg the past fifteen years there has accumulated 
a considerable amount of data which, though often loosely mter- 
connected and sometimes awkward m chemical techmc, is mdica- 
tive of future developments of considerable mterest Thus, 
this surve}’’ is undertaken not so much from a wish of enumeratmg 
achievements as from the desire to present a basis for future 
mvestigation 

This review attempts to cover the work done smce 1925 
Older results are mentioned only msofar as they are thought 
necessary for perspective to the newer information For older 
references see (1) and (2) The very numerous papers on anti- 
gens of the Forssman group are also mentioned onlj msofar as 
they are pertinent to the present problem 

In tins discussion we shall avoid the collective name under 
which these antigens are commonly grouped, namely the term 
“lipid ” The only tlimg that substances comprised under this 
name have in common is the readmess with vhich thej can be 
extracted by organic solvents from tissue or other organized 
matter In this category are substances as heterogeneous as 
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sterols, lecithin, cephalm, cerebrosides and the comphcated 
phosphatides of bacteria, and it is obvious that the solubihties of 
some of these substances m the pure state may be of an entirely 
different order Thus we think it better to forego the conven- 
ience of the term hpid m order to avoid another contribution to 
the lack of discrimination which this expression has furthered m 
the past We prefer to use the purely descriptive, provisional 
term “Wassermann-type substances ” It will be shown that 
this expression excludes the well-known major constituents 
present m alcohohc extracts of organized matter, such as choles- 
terol, phosphatides and cephahn 

Origin of 'present conception of the nature of the Wassermann 
reaction The Wassermann reaction was origmally thought to 
be an apphcation of the complement-fixation method, (which 
was qmte new at that tune) to the problem of sero-diagnosis of 
syphilis, usmg as an antigen the livers of syphibtic fetuses because 
they contained an abundance of spirochetes (3) Two observa- 
tions were soon made which shook the behef that the Wassermann 
reaction was directed specifically against Treponema pallidum 
it was demonstrated that alcohohc extracts were as good or better 
antigens than aqueous extracts (4), second, it was found that 
alcohohc extracts from normal organs served just as well (4 to 6) 
The attempts to arrive at an understandmg of this situation 
prior to the year 1925 will not be considered here If the Wasser- 
mann reaction were a genume antibody-antigen reaction at all, 
the observation could seemmgly be explamed only by envisionmg 
an antigen of non-protem nature and derived from the host itself, 
thus apparently violatmg two prmciples generally accepted at 
the tune, namely that of protem alone bemg antigemc and that 
of the “horror autotoxicus ” The hypothesis offered by E Weil 
and H Braun (7) contamed therefore two heretical conceptions, 
namely that of a “hpoid antigen” derived from tissue of the host, 
and of an “autoantibody” directed against it^ A further pre- 

* An immune precipitation vnth material denved from the host’s body was 
first descnbed by Centanni (see 7), who found in the blood of sheep infected 
with diastomum an antibody precipitating sheep hver extract The development 
of the concept of autoantibodies cannot be discussed here 
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requisite for this hypothesis is the acceptance of a special abihty 
of Treponema pallidum to function as an activator of the tissue 
antigen There is no direct evidence available on this matter, 
but differences found m the abihty of ''conveymg'' (which will 
be discussed m detail later on) make a conception of this kmd 
plausible 

In 1924, Landstemer (8, see also 9) demonstrated that specific 
antibody formation of the Forssman type could be evoked if 
alcohohc extracts contaimng this antigen (for instance from horse 
kidney) were mjected m admixture with a protem (hog serum) 
The term hapten (10) was mtroduced to designate the peculiar 
immunological behavior of substances of this type, which react 
well in miro but evoke antibody response only when mtroduced m 
combmation with a protem 

IMMUNOLOGICAL BEHAVIOR 

Experimental antibody production The resemblance (11) of the 
unmimological behavior of the Forssman antigen to that of the 
antigen contamed m alcohohc organ-extracts (which react with 
syphilitic serum) led logically to experiments with alcohohc 
extracts from rabbit tissue plus hog serum (12 to 15) Abundant 
antibody response m rabbits was found, and the antibodies were 
recognized as correspondmg m all essential aspects to those 
observed m the serum of syphilitic man and m the serum of 
animals infected experimentally with syphilis Both comple- 
ment-fixation and all tj’pes of flocculation reaction with alcohohc 
extracts were obtamed 

The difference of these antibodies from those produced con- 
comitantly agamst the protem conveyor is clearl 3 ’ defined (13) 
and can be confirmed bj”^ absorption tests (16) A much longer 
period of immunization is needed for obtammg this antibodj’ 
response than is necessarj’^ for evokmg antibodj to the pro- 
tein (13) 

Convcijor There is no indication of what actually happens m 
a mixture of a “lipid” hapten and serum in order to effectuate 
the antigenicitj of the former Landstemer (S) thought that 
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the hapten might enter some kmd of a loose combmation with the 
conveymg protem Another suggestion was (12, 13) that the 
protem did not enter mto any true chemical action with the 
hapten, but served only as a kmd of envelope which would enable 
the non-protem matter to enter the cells This was expressed 
under the name “Schlepper Funktion,” a term which is not easily 
translated The best translation seems to be conveymg func- 
tion, and thus what is called m German “Schlepper” will here be 
termed conveyor 

A third alternative explanation of the conveymg function was 
suggested by the observation that m some cases the protem 
conveyor could be replaced by adsorbents like kaohn or Al(OH )3 
This was reported (17 to 19) to be the case for the Forssman anti- 
gen, and also for antigen contamed m bram extracts However 
this observation cannot be generahzed because other antigens 
have not been found to be “completed” by adsorbents (20, 21) 
Experimentation with adsorbed antigens is a diflScult matter 
because suspensions of this type are often poorly tolerated when 
mtroduced parenteraUy (20, 22) 

It would be mterestmg to follow up this matter more closely 
It IS a situation quite peculiar for this kmd of antigen, somewhat 
m between a full antigen and those true haptens which need 
actual complex-formation before bemg effective m provokmg 
specific antibody formation m animals In the case of the Forss- 
man antigen, it is known that the necessity for a conveyor is only 
a relative one insofar as occasional shght antibody formation may 
occur with the hapten alone There are several observations 
which might be mterpreted as mdicatmg a similar behavior of 
antigens of the Wassermann type (14) 

Aqueous suspensions from syphihtic fetal hver cause the ap- 
pearance of Wassermann antibodies when mjected mto rabbits, 
an effect not obtamed with normal hver (23) (see below) The 
specific precipitate consistmg of human syphihtic serum combmed 
with antigen has been found to be an excellent immumzmg agent 
(27 to 29) The same is true for the Forssman antigen-antibody 
complexes (28) 

A very small amount of protem suffices for servmg as a conveyor 
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(24) Sera of different species are effective, but they are not 
identical in their quahty of conveying (25, 26) Horse serum 
IS inferior to pig serum (25) , human serum seems to be a good 
conveyor (16) Serum denatured by heatmg is decidedly m- 
ferior (27) Treatment of serum with diazotized atoxjd seems to 
destroy the conveyor function (30) Rabbit serum, either native 
or heated, is not a conveyor m rabbits (22, 34) 

Tissue after alcohohc extraction is capable of actmg as a 
conveyor for hver extract, but not for Forssman antigen (prob- 
ably because of denaturation) (23) Bacteria are able to exercise 
a conveyor function (31, 32), and so does an alcohohc extract 
from bacteria (33) 

Peptone, peptides (glycyl-lysyl-glycme) and polypeptides 
do not act as conveyors (35, and unpublished experiments of the 
author) 

Lack of anaphylactic reaction In contrast to the development 
of antibodies highly reactive in vUro, neither active nor passive 
anaphylaxis is obtained against antigens of the Wassermann tjqie 
(36 to 38) Reports to the contrary (39) are open to objection 
and could not be duphcated (15, 40) It is quite possible that 
future mvestigation with purified antigens will cause modification 
of this statement Floccules from sjqihihtic serum plus antigen 
do not sensitize gumea pigs to the extract, but the}’' do sensitize 
to both normal and syphilitic human serum (41) (It should be 
noted that a hapten itself may be well qualified for causmg 
anaphylaxis, for example, recall the reactions obtamed with 
pneumococcal carbohj'^drates ) 

Recent reports (32, 42) concermng passive anaphylaxis agamst 
a thermostable antigen from bram “associated vnth myehn and 
probably derived from it,” maj”^ require, if this antigen is mdeed 
linked to an antigen of the Wassermann tjqie, some qualification 
of the generalization just given 

No cxpcnmenfal antibody production in man and animals other 
than the rabbit A number of attempts have been made to 
duplicate in other species the antibody formation obtained m 
rabbits The results ha\ e been unconvmcmg, and most of them 
entirch negatne Experiments m tins direction ha\e included 
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a relative one insofar as occasional shght antibody formation may 
occur with the hapten alone There are several observations 
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an effect not obtamed with normal hver (23) (see below) The 
specific precipitate consistmg of human syphihtic serum combmed 
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complexes (28) 
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(24) Sera of different species are effective, but they are not 
identical in their quality of convening (25, 26) Horse serum 
IS inferior to pig serum (25) , human serum seems to be a good 
convej’’or (16) Serum denatured by heating is decidedly m- 
ferior (27) Treatment of serum with diazotized ato\ 3 d seems to 
destroy the convej or function (30) Rabbit serum, either native 
or heated, is not a con^e^or in rabbits (22, 34) 

Tissue after alcoholic extraction is capable of actmg as a 
conveyor for In er extract, but not for Forssman antigen (prob- 
ably because of denaturation) (23) Bacteria are able to exercise 
a conveyor function (31, 32), and so does an alcohohc extract 
from bacteria (33) 

Peptone, peptides (glj^cjd-lj'sjd-glycme) and polypeptides 
do not act as conveyors (35, and unpublished experiments of the 
author) 

Lack of anaphylactic reaction In contrast to the development 
of antibodies highlj' reactive in mtro, neither active nor passive 
anaphylaxis is obtamed against antigens of the Wassermann type 
(36 to 38) Reports to the contrary (39) are open to objection 
and could not be duplicated (15, 40) It is quite possible that 
future mvestigation with purified antigens will cause modification 
of this statement Floccules from syphilitic serum plus antigen 
do not sensitize guinea pigs to the extract, but they do sensitize 
to both normal and S 3 q)hilitic human serum (41) (It should be 
noted that a hapten itself maj'^ be well qualified for causmg 
anaphylaxis, for example, recall the reactions obtamed with 
pneumococcal carbohydrates ) 

Recent reports (32, 42) concermng passive anaphylaxis against 
a thermostable antigen from bram “associated with myehn and 
probably derived from it,” may require, if this antigen is mdeed 
hnked to an antigen of the Wassermann type, some qualification 
of the generalization just given 

experimental antibody production in man and animals other 
than the rabbit A number of attempts have been made to 
dupheate m other species the antibody formation obtamed m 
rabbits The results have been unconvmcmg, and most of them 
entirely negative Experiments m this direction have mcluded 
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mice (43), rats (44, 45), giimea pigs (26, 27, 40, 46 to 48), and 
geese (49) Wassermann (50) did announce a positive result m 
goats, but a detailed report on this subject has never been made 
This situation remains stdl to be explamed It may be re- 
called, however, that observations not unlike this one have been 
recorded, for instance, the differences m antibody response m 
various species of animals toward pneumococcal carbohydrate 
In this connection, it may be recalled also that the rabbit is 
generally one of the most prolific formers of cnculatmg antibodies 
Rats and gumea pigs do not form antibody agamst Trypano- 
soma hrucei under conditions where rabbits and humans do 
produce an antibody of the Wassermann type (51) Nor is 
antibody obtamed m gumea pigs after treatment with alcohohc 
extract from typhoid baciUi, which does cause a response m 
rabbits (52, 53) A number of experiments on human bemgs 
have yielded unconvmcmg or negative results (54, 55) There is 
also no formation of the Wassermann-type antibody after 
(therapeutic) treatment with milk (55, 56) 

It must be borne m min d that m most experiments of this kmd 
the number of treatments was limited and that mjection could 
not be made mtravenously (57) This is important It has been 
found (14, 27) that even m rabbits subcutaneous or intra-ab- 
dommal mjections do not evoke an antibody response to the 
combmation of alcohohc extract and pig serum (lutraperitoneal 
mjection, however, has been reported to be effective with the 
aqueous bram-suspension mentioned below (58) and with syphil- 
itic hver-suspensions (23) and pig heart (59)) 

In Vitro Reactions Rabbit serum is, for reasons unknown, 
liable to cause non-specific deviation of complement more than 
that of most other species Omission of the necessary safeguards 
against such occurrences has made valueless quite a number of 
experiments reported m the literature However, the comple- 
ment-fixation method IS entirely rehable if properly conducted 
(3, 13, 27) 

Fortunately, one is not confined ordmarily to the use of the 
complement-fixation test, because flocculation tests are obtamed 
easily m most, but not aU, cases The flocculation tests are not 
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entirelj^ free from the pitfalls of the complement-fixation test, 
but thej' are comparative!}'' safer, especiall}’^ under conditions 
where experience m the technique of complement-fixation is 
lackmg In any case, one of the most essential precautions m 
any method is the use of dilutions well out of the danger zone, 
but this of course makes it difficult to obtain proper information 
m cases w here antibod}'' titers may be low 

The range of sensitivity of complement-fixation tests and of 
various flocculation tests differs somewhat, and this is true not 
onl}^ for the lower limits of antibod}’’ titer but also for the higher 
ones, because inhibition b}' excess does occur (13, 60) It is 
highl}' desirable to use wherever possible both complement- 
fixation and flocculation tests together Tins desirabihty of 
usmg more than one techmque is equally important for the 
diagnostic application m human s^qjhilitic infection, a pomt 
which might be stressed once more because it is too often over- 
looked 

The conditions for combmation between antigens of the Wasser- 
mann tj^e and the antibody have been studied quantitatively 
Relatively large amounts of antigen combme with relatively small 
amounts of antibody (61, 62) Investigation of the mechanism 
of flocculation shows that antibody can account for up to 20 
per cent of the total precipitate, however, much smaller amounts 
are sufficient for precipitation (61 to 63) It is calculated that 
coverage of of the surface of the antigen particles (choles- 
terimzed heari^xtract) is enough to cause flocculation Precipi- 
tates m normal serum do not take up any protem from the serum 
The isoelectnc pomt of the antigen-antibody complex hes be- 
tween pH 4 1 and 4 8 or even higher (The isoelectric pomt of the 
antigen alone is at pH 18) The critical potential of the antigen 
IS 1 to 5 mv, and that of the antibody-antigen complex, 10 to 15 
mv (63) 

A separation of antigen from antibody can be effected by 
moderate heat (64, 65) and m concentrated NaCl solution (66) , 
(for an older procedure see (59)) These methods are used as a 
means of distmguishmg between specific and non-specific reactions 
m the practice of syphilis diagnosis the specific floccules will 
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liberate antibody which can be demonstrated, while the non- 
specific fioccules will obviously not dehver any antibody Forss- 
man antibody has been found to be detachable from stromata by 
alkah or water (67) 

With purified antigens, it can be shown that one microgram 
suffices for complement-fixation or flocculation (68) In the 
inhibition tests with purified Forssman antigen stiU smaller 
amounts are found to be effective (67) However, for the stimu- 
lation of antibody response, S3Tithetic or highly purified antigens 
are, as a rule, less effective than are crude extracts (69)* 

Antibodies of this type seem to be more thermolabile than 
antiprotem antibodies (71, 72) 

Agents fortifying in vitro reactions One pecuhanty of reactions 
of this tj^ie IS the enhancement of the effect of the antigen in vitro 
by means of finely dispersed agents This observation, made 
more than thirty years ago and put to a practical apphcation of 
considerable importance (see 1), is a purely empirical one, and 
it has contributed its part to the confusion concernmg the nature 
of the test for syphilis Cholesterol was found to be especially 
convement for this purpose and has mamtamed its position as a 
fortifymg agent ever smce It was demonstrated that its pecuhar 
qualification is based on the formation of microscopic crystals 
when it IS added to aqueous solutions These crystals furnish the 
surfaces on which the antigen proper is adsorbed and on which the 
antigen-antibody reaction takes place (61 to 63) It is, however, 
not yet known whether this adsorption contributes materially 
to the ease of combmation or whether it is merely an adjuvant to 
aggregation and the formation of visible particles This latter 
action certainly plays an important role m flocculation, however, 
the effect is just as marked m complement-fixation, and there the 
problem of this effect remains shrouded m the veil of our lack of 
knowledge of the action and mechaifism of complement-fixation 
generally Recent mvestigations suggest once more a definite 
optimal ratio of cholesterol (73) 

* In the case of punfied Forssman antigen large amounts (100 mgm per dose) 
were found to be less effective for ebciting antibody formation than were small 
doses (1 mgm ) (70) 
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Cholesterol is by no means the only substance active m this 
vr&y (74) Cholesterol derivatives are found to be quite similarly 
active if used m proper quantities (75) Commercial lecithm is 
another agent of this kmd (76) , (commercial lecithm preparations 
may, however, contam considerable amounts of cholesterol ) 
Other examples of non-specific fortifjong agents are cited m (77) 

Special mention should be made m this connection of the effect 
of phenol (78, 79) It may be that tins effect is similar to that 
of cholesterol, a phj^sical one, effectuated by the creation of fine 
protem precipitates It is, however, possible that the effect 
IS a chemical one m the sense that phenol may break up the 
combmation between tissue protem and antigen There are no 
direct chemical observations on this pomt “Unspecific” re- 
actions caused by phenol-alcohol have been suggested as due to 
the hberation of antigen from serum (80) 

A similar mechanism may be responsible for the formation of 
antibody of the Wassermann tjqje observed m the sera of rabbits 
immumzed with diazotized atoxyl-protem or metanilic acid- 
protem (30) 

OCCURRENCE AND BIOLOGICAL ASPECTS OF WASBERMANN-TYPE 

ANTIGENS 

TTbiquiiy of the Wassermann antigen Materials reactmg with 
sj^ihilitic sera have been found to be present m practically all 
hving matter, especially m organs of all kmds of animals (1, 81) 
Alcohohc extracts of microorganisms contam the active prmciple 
qmte frequently (see table 1) and so do alcoholic extracts from 
plants (82, 83) 

However, this agent is not the only alcohol-soluble antigen 
present m hving matter The alcohol with which it is commonly 
extracted qmte often extracts other substances of a more 
specific nature Thus it was found (84) that Forssman and 
Wassermann antigens are present together m alcohohc extracts 
of organs from animals of the heteroplule group ® The two 
antigens can be separated by specific absorption (47) 

* For this reason, it is inadvisable to use tissue of animals belonging to the 
Forssman group for the preparation of extracts for the serodiagnosis of syphilis 
( 86 ) 
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Antigens vnth organ-specificity Alcoholic extracts of rabbit 
hearts, hvers, and kidneys were found to react preponderantly 
with sera obtained by the immunization with the respective 
organ extract (plus hog serum) and only to a lesser degree with 
extracts of different organs (13, 86, 87) This situation is more 
marked m the case of extracts from bram (“neurohapten”) 
(26, 45, 88 to 90) Immunological differentiation of grey and 
white substance has been demonstrated (91) Bram specificity 
appears m the 3rd to 4th month of human embryomc develop- 
ment (91, 105) Antigens of considerable organ-specificity can 
be found m alcoholic extracts of blood cells, testis (92), ovary 
(93), thyroid (94), hypophysis (95), and so on (49, 96 to 101) 
Leucocytes also contain a highly specific antigen (103, 104) 
The degree of specificity varies not only from organ to organ, but 
also withm each mdividual immune serum Cross reactions are 
frequent, and they mdicate relations that can be more or less 
clearly demonstrated by absorption tests A specially pomted 
example of this is the cross reaction between bram and testis 
(92, 102) which appear to have m common an antigemcally 
rather active material, the same antigen has been recently found 
to be present m alcohohc extracts of corpus luteum (but not m 
other ovarian tissue) (225) It would be of mterest to know 
whether the antigen common to brain, testis, and corpus luteum 
IS identical with that causmg the cross reaction between bram 
extracts and spirochetes (100) 

Both older and more recent findmgs (42, 58, 88, 89) suggest 
that an organ-specific antigen may be obtamed from bram by 
autolysis or by the action of microorganisms It is described as 
strictly tissue-specific and not species-specific, heat stable, non- 
dialyzable, and Linked to myelm for chemical reasons as well as 
from the fact that it is not found in fetal bram, more recently, 
however, it has been suggested that it may be rather of pro tern 
nature (32) It is unknown at present how this water-soluble 
antigen is related to the material contamed m alcoholic extracts’* 

In a paper which came out when this review was already in press, the exist- 
ence of two different heat-stable antigens in brain tissue has been demonstrated 
One of them is soluble in alcohol and, presumably, is the one which is active in 
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This antigen, associated 'with the white substance of the brain, is 
also present in the nerves It presents the same antigemc rela- 
tionship to testis as n^as pointed out for alcoholic brain-extract, 
and thus it is conceivable tliat tlie water-soluble antigen may be 
the bearer of this relationslup 

Injections of milk (55, 116) and of yolk (117) have been found 
to cause the formation of antibodies of the Wassermann t 3 Tpe in 
rabbits, m these cases no conve 3 mr is necessary 

Antigen with tumor-specifiatij hlalignant tumors contam 
more or less regularly an agent which goes over mto alcoholic 
extracts and which is common to most kmds of malignant growth 
(106 to 111) An antibody against tlus tumor-specific agent is 
found not only in the serum of animals immumzed with tumor 
extracts, but also in a considerable percentage of human bemgs 
affected with malignant growth (112) It remains to be seen 
whether this tumor-specific antigen from alcohohc extracts is 
identical with that found m “heavy material” sedimented by 
centrifugation at 27,000 rpm from aqueous extracts together witb 
Wassermann, organ-specific and Forssman antigens (222) “How- 
ever as matters stand now tlus antibody is not found frequently 
enough, and especially not early enough m the course of the disease 
m order to be of diagnostic importance” (113, see also 114) 
There is also found a rather high percentage of “unspecific” 
reactions (114, 115), explamed as “Zerfallsspecifitat” (106) 

Antigens from animal parasites and bacteria Specific alcohol- 
soluble antigens have been obtamed from tapeworms (118, 119), 
hydatid flmd (120) and bilharzia (121) In bacterial extracts 
the situation can be highly complicated Specific antigens, 
antigens common to large groups of bacteria, and antigens of the 
Wassermann or the Forssman type have been found, and the 
various antigens are often present together m the same extract 
This situation is presented m table 1, which lists the antigens 
which have been found m alcohohc extracts, either alone or m 
company The blank spaces mean that no data have been re- 

alcoholic brain extracts The alcohol-soluble and the alcohol-insoluble antigens 
could be differentiated by immunological methods Henle, W , Chambers, L 
A , and Groupe, V 1941 J Exptl Med , 74, 495 
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ported All of the reports refer to the antigen response m rabbits 

The injection of alcohohc extracts from typhoid bacith into guinea 
pigs apparently does not lead to antibody formation (52, 53) 
Antigens from spirochetes and trypanosomes Of special m- 
terest are two types of microorganisms, namely Treponema pal- 
lidum and the trypanosomes (51, 134, 135) The behavior of 
the former will be discussed m detail later on Trypanosomes are 


TABLE 1 

Antigens to be found ^n alcohohc extracts of bacteria 
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33, 122, 123 

Typhoid bacilh 

+ 
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122, 124, 126 
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Diphthena baciUi 
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Meningococci 
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None 
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Pseudomonas aeruginosa 
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Streptococci 

+ 

Group-specific 



133 

Streptothnx sp 
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129 

Spirochetes 
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+ 


See text 

Trypanoaomes 

1 + 

(b) 

+ 

■ 

51, 134, 136 


(o) Streptococci, staphylococci, colon, tubercle and pseudodiphthena bacilh, 
Proteus Xii, and Bacillus sublihs 

(6) Negative for Treponema pallidum 


evidently rich m the Wassermann-type antigen (134, 135), but 
then antisera do not react with spnochetal suspensions (51) 
Alcohohc extracts of microorganisms differ, as a rule, m one 
essential pomt of behavior from alcohohc extracts of organs they 
are fully antigemc This means that they evoke antibody format 
tion if mtroduced m the animal body alone, without the presence 
of a conveyor, and this is also the case with spnochetal extracts 
It IS thus necessary to avoid bacterial contammation when such 
antigens are used for immunization 
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The role of bacteria and vaccine \Trus used recently in connec- 
tion with the preparation of antisera to brain emulsion stdl re- 
mains to be deternnned (42, 58) * 

AvailahlUy of anhgens In the representative case of antibody 
formation agamst antigens of the Wassermann type, alcohohc 
extracts m combmation vnth a conveyor are used The employ- 
ment of suspensions or aqueous extracts of an organ wiU not cause 
antibody formation agamst the Wassermann-type antigen which 
IS present m alcohohc extracts, but merely agamst species-specific 
(and often also organ-specific) substances, probably proteins 
The same is true of sediments obtamed from salme tissue-extract 
by high-speed centrifugation (222) Furth and Kabat conclude 
that the Wassermann antigen is contamed m a large complex 
molecule In any case, it appears that these peculiar antigens 
are usually not available m the cell in a form that is antigenically 
effective, as if such antigens were masked A quite instructive 
case of this type is the beha\nor of blood serum (137) Its mtro- 
duction mto a rabbit will not cause the formation of antibodies 
that react with alcohohc extracts However, an alcohohc extract 
of the serum mjected together with the whole serum does evoke 
antibody formation of the Wassermann type (see 138) This 
observation may help to an understandmg of why a substance m 
the body can be iso-antigemc It is also an important argument 
m explainmg why substances m the diseased body (substances 
that are not antigemc under normal cucumstances) may become 
antigemc In such a case, antigemcity imght appear if m in- 
fected tissue a breakdown occurred that liberated the antigen 

Not aU substances contamed m alcohohc extracts are as com- 
pletely masked as m the example given above Antibodies 
agamst antigens extractable by alcohol are evoked by immunma- 
tion with aqueous extracts from organs conta inin g Forssman 
antigen, and also from such extracts containmg the related 
blood-group A antigen The same is true for the antigen char- 
acteristic of mahgnant growth and for several bacterial antigens 

‘ According to data pubbshed since this paper was finished, bactena can be 
replaced by kaobn and other adsorbents Their role seems, therefore, to be 
merely a physical one (136) 
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The similar cases of syphihtic fetal hver and of Wassermann-type 
antigen in milk and yolk have already been mentioned 

Competition of antigens The term “masked” antigen has 
been used, however, m another quite different sense, namely for 
the suppression of one antigen m a mixture of several present m 
an extract, suppression either of the antibody response, or of the 
antigen's in vitro reactivity, or of both Observations of this 
type have led to the h 5 p)othesis of the “competition of antigens ” 
This notion is certainly mcorrect as a generalization, but phe- 
nomena of this pattern are realities just the same (139 to 143) 
The basis of most of them is probably a difference m antigemcity 
or ease of combmation In certam instances, chemical causes for 
this phenomenon have been suggested differences of solubihty 
(144), formation of “micelles of antigens” (loose compound- 
formation) (145), and on the other hand, the breakdown of 
compounds (100) 

Lack of protective properties Besides the antibody char- 
acteristic for the serum of man infected with syphilis, antibodies 
of this type seem to be evoked by tuberculous infection (146), 
and, less regularly, by mahgnant growths (see above) None of 
these antibodies seem to be associated with a protective mecha- 
nism This mcludes syphilis (147, 148) Contrary data lack 
confirmation, and recent evidence for some protective quahty m 
syphihtic sera does not prove that the protection is due to the 
Wassermann antibody (29, 71) 

The diseases just mentioned have m common the peculiarity 
that an effective resistance is not built up or is not of a predomi- 
nantly humoral type The peculiar antigemc mertia of tissue 
spirochetes has been a matter of comment (149) 

“Biological false reactions” and their theoretical significance 
The sero-diagnosis of S 3 qjhilis has always mvolved precautions 
against the occurrence of non-specific positive reactions Tech- 
mcal progress has diminished this difficulty, but this problem 
needs to be discussed here because of its theoretical significance 
Non-specific reactions have been attnbuted m the past to what is 
called “increase of lability” m certam sera, but there has never 
been a satisfactory explanation of what is meant by the term 
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Increase of the globulin content of such sera (frequently consid- 
ered in the past to be the cause) has obviously nothing to do with 
the phenomenon, as there is mdeed no correlation between the 
globuhn content of the sera and their ability to react with alcohohc 
tissue-extracts (see for mstance 150, 151) 

More recently another explanation has found its expression 
m the term “biological false reactions ” This expression imphes 
that non-specific reactions miglit be caused by the presence m the 
serum of antibodies of related quahties which cause cross reac- 
tions because of smiilarities m their antigemc counterparts It 
would be umque mdeed, if the production of antibodies of the 
tjqie of the Wassermann antibod}'^ were entirely restricted to 
syphihtic infection As it is, it is pecuhar enough that only m 
sjqihihs is this antibody response strongly and regularly mam- 
fested, at least m man It is, however, becoming mcreasmgly 
clear that a fundamentally similar antibody formation can be 
engendered by various other disturbances of human physiological 
eqmhbrium, and it is necessary to take full cognizance of this 
situation m order to arrive at a deeper understandmg of the 
problem at hand 

Reports on “biological false reactions” have specified a number 
of infectious diseases m which such observations (152, 153) have 
been made malaria, leprosy, streptococcal endocarditis (154), 
measles (155), mfectious mononucleosis (46), diphtheria (52), 
and even after smallpox vaccmation (223) Yaws and pmta 
(or cavate) (219) are omitted from this enumeration because of 
their pecuhar relation to syphilis, which makes it hkely that 
mmnmological relations are very close (153) Recurrent fever, 
another human spirochetal disease, does not lead to a positive 
Wassermann reaction with any degree of regularity The occur- 
rence of antibodies of similar type m tumoral diseases and their 
relation to embryomc growth have been discussed above, and it is 
only necessary to recall these facts m order to understand that 
“biological false reactions” m pregnancy and tumoral diseases 
belong m the same category 

It may weU be that one or another item of the mcomplete list 
given above is mcluded as a result of imperfect techmque, just 
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as a much larger number has been ehmmated for sumlar reasons 
m the past, but it has become mcreasmgly certam that “biological 
false reactions" are not entirely to be ehmmated by improve- 
ment of method Moreover, such false reactions cannot be 
eliminated by confirmation reactions based upon cleavage of the 
antibody-antigen complex (65, 66) 

Fortunately these “biological false reactions" are of low titer 
as a rule Moreover, then mterference with specific reactions m 
diagnostic tests for syphilis can be greatly diminished by modi- 
fymg the technique m such a way that small amounts of antibody 
do not react with the antigen Unavoidably, this mcrease m 
specificity has to be paid for by elunmation of low-titer S 5 q)hilitic 
reactions The gam m safety thus achieved represents the most 
Significant advance m the techmque of the serological diagnosis 
of syphilis, as a highly competent observer has remarked (152) 
“Normal” antibody of the Wassermann type In connection 
with the problem of false reactions, it might be mentioned that 
complement-fixmg antibodies against cholesterol have been 
reported to occur in several human diseases (156) and that 
complement-fixation with lecithm has been seen frequently m 
monkey sera (157) One wonders whether the so-called non- 
specific reactions of rabbit sera (see above) may not some tune 
find a similar explanation Positive Wassermann and floccula- 
tion reactions have been recently reported m a considerable 
percentage of sheep (158) and beef (224) sera 

Role of tissue-specific antibodies in pathology The findmg of 
organ-specific antibodies has aroused speculation as to their 
possible bearmg in pathology The recent report (159) on kidney 
antibodies and then relation to nephritis is one example, another 
IS the possible relation of syphihtic bram diseases to bram-specific 
antibodies (160) However there is no experimental evidence 
as to the latter In view of the pronounced organ-specificity of 
the Wassermann-type antigen from the bram, bram-specific 
antibodies have been expected to be found m the spmal fluid of 
patients with syphilis of the central nervous system However, 
reports of such findmgs could not be confirmed (46, 161, 162), 
and the reasons for this failure are unknown There is no sug- 
gestion of damage to the bram from the experimental mtroduction 



WA8SERMANN AND RELATED ANTIGENS 


309 


of Wassennann-type, anti-bram antibody (46, 163) There is 
also no evidence as to the role played by tumor-specific antibodies 
(164) In tins matter there might enter the old observation (165) 
that there Eire special mechanisms which tend to minimize the 
effect of complement upon the tissue (red blood cells) of the same 
species 

THEORY OF SPIROCHETAL ORIGIN OF WASSERMANN ANTIGEN 

Banc ohservattonc Wassermann’s origmal conception that the 
antibody m syphilitic sera is a truly antispnochetal substance was 
abandoned by him after a bitter struggle It expenenced, 
however, an unexpected resurrection when it was found that 
alcohohc spirochetal extracts are antigemc and are suitable 
antigens for practical diagnostic purposes It will be readily 
acknowledged that the idea possesses the advantage of simphcity, 
when presented m its modernized form which recogmzes that the 
antibody is certainly not of the type commonly encountered m 
infectious diseases The experimental evidence for this hypoth- 
esis rests m the mam on the observation of the formation of 
Wassermann-type antibody m rabbits and m man, after mjection 
of spirochetal antigen (23, 46, 162, 166 to 168) However, this 
evidence is considerably less convmcmg than appears at first 
sight 

CvUure of spirochetes The most competent students of the 
biology of Treponema pallidum do not feel that cultivation of this 
microorganism m the test tube has ever been actually achieved 
(169, 170) The decision is a difficult one, because whatever it is 
that has been cultivated, infectmty for the rabbit and monkey 
IS lost at once Spirochetes morphologically very similar to 
Treponema pallidum occur under conditions which make it 
appear quite possible that they may have been substituted durmg 
transfer from the syphihtic lesion Certainly, those spirochetes 
that are m use m Germany for the production of vaccmes for 
experimental purposes and sold commercially as a diagnostic 
antigen are not likely to be Treponema pallidum (166, 169, 171) ® 
This m itself may not be objectionable, because it is qmte possible 

‘ Culture spirocheteB seem to be antigemcally homogeneous (189) with the 
possible exception of one strain (190) 
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that the antibody formed m the case of immunization with spiro- 
chetal antigens is group-specific rather than specific for Treponema 
paihdum (168, 174) 

Objections to the available evidence Whatever they may be, the 
spirochetes that are used as above have to be cultivated m media 
containing serum with or without tissue Suspensions made 
from such media may very well carry antigemc material derived 
from the medium, and not from the microorganisms (57, 172), m 
sufScient quantities for ehcitmg antibody formation Even 
washmg the suspension, if done, does not preclude the retention of 
small amounts of antigemc matter from the medium 

There were, of course, controls made with the medium alone 
(173) or media moculated with bacteria (174), for instance colon 
baciLh, which did not lead to formation of the antibody m ques- 
tion But these controls cannot be rehed on for two reasons 

(а) the umnoculated medium was not subjected to the metabohc 
action of the spirochetes, which may qmte conceivably lead to the 
hberation of ongmally masked antigen (57) , just as the alcohohc 
extraction does m the case of the serum referred to above (61) 

(б) Moreover, media moculated with bacteria may not be sub- 
jected to the same kmd of breakdown that is caused by the 
spirochetes (57) It cannot be overlooked m this connection 
that the conception of the Wassermann reaction as caused by an 
antigen denved from the body necessarily postulates an action of 
the spirochetes upon the cells of the body different from that 
caused by other pathogemc microorganisms This is unphed 
m the very fact that the Wassermann reaction is characteristic 
for syp hilis and no other disease (The admission of the possibil- 
ity of Wassermann-type antibody formation by other causes 
would modify this statement only m the sense of a difference m 
degree and not m kmd ) 

It must be pomted out that many of the spirochetal antigens 
used m experimental work contam phenol The importance of 
t his compound for the practical value of the antigen was stressed 
by the ongmator of a widely used preparation (173, 175) It was 
mentioned before, that phenol acts not only as a fortifymg agent 
{Verst&rker), but it is supposed to set free the masked antigens 
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Thus, the value of all experiments usmg phenohzed antigens for 
provmg the spirochetal nature of the Wassennann reaction is 
doubtful 

Differentiation of spirochetal and tissue antigens There is sug- 
gestive evidence that the Wassermann reaction and spirochetal 
complement-fixation occur mdependently (97, 176, 177) This is 
not necessarily proof of a complete difference m the antibodies, 
because similar observations can be made with any two Wasser- 
mann extracts Variations m the content of antigen and m its 
chemical properties could well account for differences Differen- 
tiation of the spirochetal and the Wassermann antibody by 
means of absorption has been repeatedly claimed (166) , but others 
have not succeeded (168, 178) 

There is a conflict of evidence on one important phase of this 
problem Accordmg to some observers, sera obtamed by im- 
munization with both spirochetal extracts and spirochetal vac- 
cmes can react to a similar degree with both alcohobc spirochetal 
extracts and alcohobc tissue-extracts (179, 180) Others, and 
they are m the majority, with the best controlled experiments, 
found spirochetal antisera to react solely or qmte predommantly 
with spirochetal extracts (43, 46, 87, 100, 116, 168, 181, 182) 
This latter is the case especially m the reports concemmg human 
bemgs treated with spirochetal vaccmes for the double purpose 
of non-specific (fever) therapy and experimentation on antibody 
formation (167, 179, 183, 184) The same relation has been 
reported for skm reactions m human bemgs (183) 

Cross reactions with bram-extracts have been described for 
such cases where immunization was effected by mixtures of 
spirochetal extracts and hog serum (100, 162) It has been 
suggested that this might have been due to the presence of choles- 
terol m both antigens Spirochetal extracts are markedly 
mcreased m then reactivity in mtro by cholesterol (100) 

Trypanosomal Wassermann reactions Reactions clearly of the 
Wassermann type can be obtamed from both animals and man 
immunized with trypanosomes (51, 135) This, however, remains 
an mterestmg paraUebsm with no conclusive value for the prob- 
lem of the spnochetal origm of the Wassermann reaction Anti- 
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trypanosoma! sera, as mentioned before, do not react with spiro- 
chetal antigens (51) 

There is another fact that should be kept m mmd, spiro- 
cheticidal effects, so readily obtamed after experimental im- 
munization, have not been observed m the case of actual infection 
either of man or of experimental animals (185) 

The choice between the theory of tissue origm and that of 
spirochetal ongm of the Wassermann antigen appears to depend 
on deduction rather than on direct evidence In view of the 
data presented above on the ubiqmtous occurrence of the Was- 
sermann antigen and its congeners, it would not be surprismg to 
see the Wassermann antigen isolated both from tissue and from 
spirochetes In this case, a decision between the two competmg 
theories could, of course, not be made with chemical methods, and 
it IS difficult to see how it could be made by an immunological 
approach 

It should be stressed that the uncertamty concernmg the ongm 
takes nothmg away from the established facts on the immunolog- 
ical and chemical peculianties of the Wassermann antigen 

CHEMISTRY OF ANTIGENS OF THE WASSERMANN TYPE 

Haptens of known composition Before entermg the problem 
of the chemical nature of Wassermann-type antigens, brief men- 
tion should be made of the substances other than proteins that 
have been found to possess antigemcity The best known exam- 
ples are the polysaccharidic substances isolated from bacteria or 
other cellular sources So far as these substances are composed 
solely of sugars and ammo sugars, they possess no, or only mcom- 
plete, abihty to evoke antibody formation, they are, however, 
reactive in vitro FuU antigemcity is found, however, m those 
cases where polysaccharides occur as complexes with fatty acids, 
and phosphorus- and mtrogen-contammg compounds as is the case 
m gram-negative bacteria of the coh-dysentery-sabnonella group, 
{antigbne complet) It is bkely that the phosphatides isolated 
from tubercle bacilh are chemically constituted m a similar 
fashion They are also fully antigemc The component which 
determmes the specificity is m either case the polysacchande 
complex The “hpid” moiety is not antigemc 



■WASSERALAJSTN AND RELATED ANTIGENS 


313 


Relatively simply constructed substances have been found to 
be antigemc m the sense of bemg haptens which need a conveyor 
for ehciting antibody formation They are by this property 
linked to the group of the Wassermann-type antigens 

The first reports on the hapten quahty of such substances 
concerned lecithm and cholesterol (186) These experiments 
were, however, made on commercial preparations of low punty 
so that there remamed doubt as to whether the antibodies ob- 
served were reallj’- against cholesterol or lecithm® Whereas the 
reports concemmg the antigemcity of commercial products (187, 
188, 192)^ and similar preparations of cephalm and cerebrosides 
(188) have been confirmed, purified lecithins and cephahns from 
egg and bram have been found to be non-antigemc (187, 193 to 
195), and lecithm from soya beans of doubtful antigemcity (195) 
On the other hand, antibody formation was obtamed agamst a 
synthetic lecithm, the tnstearyl-lecithm synthesized by Gruen 
(196, 197), and agamst recrystalhzed cholesterol and several 
congeners (di-hydrocholesterol, cholesterm oxyde, ergosterol (191, 
196, 198)) Objections (199) to the vahdity of these observa- 
tions from the pomt of view of the small amount of complement 
fixed are the less vahd, because cholesterol and its derivatives do 
not only give complement-fixation of high specificity (196, 198), 
but also are flocculated specifically by their correspondmg anti- 
sera (200) It has been found that not all cholesterol derivatives 
have hapten quahty, (191, 201) oxy cholesterol, cholesteryl 
bronude and several cholesterol esters seem to be devoid of this 
property Highly purified cerebron and hgnoceryl-sphmgosme 
are non-antigemc, whereas a polydiammophosphatide from 
spleen, lung and hver has been shown to be a highly effective and 
specifically reactmg hapten (202) 

Quantitative considerations (69) show that the synthetic 
antigens are both less antigemc zn mvo (as measured by the 

• Low punty of testing matenal might eicplain in part the observation of odd 
cross reactions between lecithin and cholesterol and the respective antisera (186) 
However, sunilar cross reactions have been observed with lecithin free of choles- 
terol admixture, for which no explanation has yet been offered (191) 

’ OvoteUin, a full antigen, has been separated from crude egg lecithin (191) 
However, no effort hnn been made to determine the true relation of this antigen 
to lecithm antisera by the absorption test 
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amount of material and the duration of treatment necessary to 
evoke antibody) and in vitro (as measured by the minimal effective 
amount) than are natural antigens of the Wassermann type (see 
above) 

These observations tend to show that substances of well-known 
constitution are able to act as antigens m a way similar to those 
observed m natural ones of the Wassermann type They m- 
crease the range of materials m which to look for substances of 
hapten nature They make us aware that substances of this 
type may be on the borderhne between haptens and non-haptens, 
so that small chermcal differences may decide whether they can 
produce specific antibodies or not In addition, they open an 
mterestmg field for the study of specificity and other problems of 
immunochemistry, until now httle explored 

Chemistry of tissue antigens There remains to be discussed 
what httle is known about the chemistry of the antigens of the 
Wassermann type The active substance represents only a small 
fraction of the total extracted by alcohol The antigen is carried 
down from alcohohc extracts by cadmium chloride (203, 204) 
(Precipitates obtamed (204) m this way are still used for diag- 
nostic purposes ) However, the conclusion that the Wassermann 
antigen is a lecithm, has not been borne out by further investiga- 
tion (220) It was also reahzed early that the antigen is insoluble 
m acetone (204) It is a question whether the substance is really 
alcohol-soluble, because it has been demonstrated (205) that both 
the Wassermann and the Forssman antigens can be adsorbed 
from alcohohc solution by kaolm and other morgamc adsorbents 
and eluted mto water or salme to give clear solutions (20, 206)® 
It may be that the alcohol-solubihty at primary extraction is due 
to co-solubihty caused by the presence of other substances, but 
this remains to be proved 

The Wassermann antigen is recently reported (222) to be sedi- 
mented from sahne tissue-extracts by high-speed centrifugation 
(27,000 rpm for one hour) together with organ-specific antigens, 
Forssman antigen, and several enzymes However, mjection of 

• Elution IS als>. possible m organic solvents bke benzene (209) Further data 
on adsorption and elution are given in references 206, 209 to 211 
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these sediments mto rabbits does not cause formation of antibodies 
of the Wassermann type, whereas other antibodies, e g , that of 
the Forssman type, are evoked A logical mterpretation of this 
observation would be that m these sediments (and presumably 
also m the mtact tissue) the Wassermann antigen is hidden withm 
large complexes and that for this reason its antigemc activity is 
not exerted (i e , masked, see page 305) Alcohol extraction 
would then be needed m order to bberate the Wassermann anti- 
gen from its connection with other material and make it effective 
as an antigen If such a conception is true, a similar effect as 
that of the alcohol could be surmised as becommg effective m 
diseased tissue Such a conception would be valid regardless of 
whether the complex from which the antigen is hberated is de- 
nved from the cells of the body, from spirochetes, or from both 

A combmation of the methods of acetone precipitation and 
CdClj precipitation results m preparations that are effective m 
amounts of the order of one nucrogram (68, 207) Further 
elimination of ballast substances can be achieved by adsorption 
followed by elution mto boilmg methyl alcohol (208) Prepara- 
tions obtamed by the CdClr-acetone method have been found 
(68) to be non-reactive if tested immediately, but fully reactive 
after standmg at room temperature for a few days® These 
purified antigens are not dialyzable (214) , and hydrolysis destroys 
their activity (68, 215, 216) Analytical data on the purest 
preparations obtamed up to now are given m table 2 

All of these materials are not only reactive m complement- 
fixation and m flocculation with both rabbit and human (syphi- 
htic) sera (68, 213), but they retam their full hapten quality of 
evokmg antibody formation (213) They retam, so far as is 
known, then partial or total organ-specificity Work along 
similar hues bflfi been done with alcohohc extracts from bram 
(214) and from tumor (216) 

Another method (217) of purification takes advantage of the 
solubihty of the antigen m acidified 80 per cent alcohol when 
shaken together with petroleum ether By a combmation of this 

* Ib this an omdative efifect? There are other indicationB of the influence of 
oxygen on alcohohc tissue extracts (205, 212) 
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method with adsorption and elution, preparations have been 
reported with a purification factor of 100, but analytical data on 
these are not available as yet Further details on this phase of 
the subject cannot be given without a disproportionate amount of 
discussion beyond the limi ts set for this review 
Recently, the non-protem part from floccules of syphihtic 
serum and cholesterimzed tissue extract (Kahn) has been analyzed 
(221) The results, so far as they go, fit well with the data given 
above 

A protagon from the bram has been isolated which contains 
2 4 per cent N and 0 5 per cent P and which can function as a 

TABLE 2 


Analytical data on the purest preparations hitherto obtained 
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hapten (218) Its antiserum has been found to give cross reac- 
tions with aqueous but not with alcohohc extracts from bram, 
and with lecithm prepared from bram This serum did not react 
with alcohohc extracts from other tissues, nor with lecithm pre- 
pared from egg, nor with cerebron or sphmgomyelm 

The method of tryptic digestion and alcohol fractionation and 
the trichloracetic acid method, both successfully employed for the 
isolation of the “antigfene glycido-hpidique” of gram-negative 
bacteria, have not proved effective with spirochetes (168) 

It is difficult to draw any conclusions as to the nature of the 
effective material from the data available at the present tune 
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Nor do they give any additional indication as to whether the 
antigen which causes the formation of the Wassermann antibody 
in syphihtic man is furnished by the spirochete or by the host 

CONCLUSION 

Owmg to the scantmess of biological and especially of chemical 
data the immunological aspect necessarily is predommant m this 
review 

Syphihtic infection of man and animals causes a production of 
antibodies directed against one or more closely related substances 
of a peculiar kmd Immunological experimentation has further 
substantiated the antigemc qualities of these substances The 
mere fact of their rather ubiqmtous distribution should arouse 
general biological mterest which has so far taken cogmzance of the 
Wassermann antigen only m a perfunctory way 

The observations derived from and concomitant to experi- 
mentation concernmg the Wassermann reaction have led to the 
detection of substances of similar immunological behavior but 
differmg from the Wassermann antigen m more pronounced 
specificities and m bemg more limited m distribution The 
existence of chemo-specific and organ-specific antigens has been 
established The mvestigation of the significance of these anti- 
gens (and their correspondmg antibodies) is only m its begmnmg 

We are faced with a maze of mterrelated substances which are 
earners of compheated and subtle specificities This explains 
why them serological differentiation is often beset with difficulties 
The simultaneous occurrence of multiple specificities withm one 
tissue or one kmd of cell and the correspondmg formation of 
multiple antibodies upon immunization have been found to be 
frequent The degree of antigemc predommance probably 
depends not only on quantitative relations, but also on factors 
such as solubihty, adsorption, and complex formation which are 
aU hidden behmd the term availabihty The determmation of 
all of these factors will be a necessary part of future work m this 
field 

Similarities m immunological behavior form the common link 
of this group of substances They are all extractable by orgamc 
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solvents from tissue and other orgamzed matter They have 
been designated m this review as Wassermann-type antigens 
Nobody is more aware than the author of the prehmmary and 
provisional nature of this classification and its need for verifica- 
tion and rectification by chemical methods In takmg stock of 
the present state of our knowledge m this matter, it is hoped that 
attention wdl be drawn to a field mvitmgly open for further 
mvestigation 
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THE FILTRABLE MICROORGANISMS OF THE 
PLEUROPNEUMONIA GROUP 

(Appendix to Section on Classification and Nomenclattiee) 

ALBERT B SABIN 

From The Children’s Hospital Research Foundation and the Department of 
Pediatrics, University of Cincinnati College of Medicine, 
Cincinnati, Ohio 

The pubhcation (1941) of my suggestions for the classification 
and nomenclature of the filtrable microorganisms of the pleuro- 
pneumoma group has brought forth a number of important 
co mm ents It may be desirable, therefore, to extend the origmal 
discussion because many pomts have been raised which may 
ultimately have to be considered by the International Committee 
on Bacteriological Nomenclatures The various comments, m 
general, fall mto the foUowmg categories 

1) “Any attempt to classify taxonomically these pleuropneumomar 
like organisms is sure to be premature as we do not yet fully 
understand the cycle of development of any of them m artificial 
culture” (R |St John-Brooks, J C G Ledmgham, and E 
Kheneberger) 

2) Taxonomic classification is advisable and needed but that the 
one suggested is contrary to the rules of pnonty m nomenclature 
and to the prmciple of nammg the family from the type genus, 
and the order from the t 3 T)e family (R E Buchanan) 

3) That the properties and characteristics of the class Schizomycetes 
need not necessarily exclude the microorganisms of the pleuro- 
pneumonia group (R E Buchanan) 

4) That the attempt to classify microorganisms mto genera accordmg 
to the host of ongm has not found favor m the past (R S Breed 
and R St John-Brooks) 

5) That nomina hyhnda have been used 

Smce the comments about the laws of priority and prmciples 
of nomenclature are the only ones m which it is possible to appeal 
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to mles, it may be advisable to review the various attempts at 
nomenclature of the pleuropneumoma group Durmg the years 
that the nucroorganism of bovme pleuropneumonia remamed a 
umque mdividual m the imcrobial world it received many names 
which varied with the author’s concepts of its nature Thus, 
while Bordet (1910) was the first to recognize its morphological 
complexity and considered its relationship to vibrios and spiro- 
chetes, Borrel et al (1910), behevmg it to be essentially of coccal 
nature, devised the bmomially correct Asterococcus mycotdes 
As other mvestigators differed with the morphological concept of 
Borrel et al , new names were proposed as follows 

CoccobactUm mycotdes penprieumomae (Mart 2 aiiovski, 1911) 

Mtcromyces peripneumoniae boms contagiosae (Frosch, 1923) 

Mycoplasma peripneumoniae (Nowak, 1929) 

Asteromyces peripneumoniae boms (Wroblewski, 1931) 

It may be pomted out, however, that, qmte aside from the 
question of priority, three of these names are mvahd because they 
were proposed as polynomials, and only Mycoplasma penpneu- 
momae (Nowak) would require consideration m the event that 
Asterococcus mycotdes proved to be mvahd In 1931, Wroblewski 
named the new member of the group, the infectious agent of 
contagious agalactia of sheep and goats, Anulomyces agalaxiae 
In 1933, Ledmgham referred to the confusion of names and sug- 
gested that the two nucroorgamsms known at that tune be placed 
m the order Actinomycetales and m the family of Actinomycetaceae 
While he suggested that a new genus be set up to mclude the 
nucroorgamsms of bovme pleuropneumonia and of agalactia of 
sheep and goats as species, he thought that the selection of an 
appropriate name should await further consideration and re- 
search Turner (1935) disagreed with Ledmgham and proposed 
the new order Borrelomycetales, family Borrelomycetaceae, genus 
Borrelomyces In 1936, Shoetensack named the new microorgan- 
isms from dogs, Asterococcus cants Smce then many new related 
nucroorgamsms have been isolated and the existence of a distmct 
nucrobial group became apparent In 1939, however, the 
editors of the 5th edition of Bergey^s Manual of Detemunative 
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Bacteriology decided to leave out Asterococcus, among certam 
other previously recognized genera, because “the organisms m- 
cluded m these genera are httle known and they have not been 
generally recognized m later classifications ” 

The classification and nomenclature of the pleuropneumoma 
group which I suggested is the first one based on an analysis of the 
numerous species which have come to hght in recent years, and 
I should deem it unfortunate mdeed, if the laws of priority would 
“freeze” the many new names that I have suggested despite the 
fact that they may be out of place m a more reasonable classifica- 
tion that may be devised later on The foUowmg considerations 
formed the basis of the suggested classification and nomenclature 

1) The rmcroorganisms of the pleuropneumoma group can be 
regarded as sufficiently distmct from the bacteria to be dealt 
with m a separate class 

2) They are readily distmguished mto parasitic and saprophytic 
groups 

3) The parasitic group can further be differentiated mto genera 
which remarkably enough vary with the host that is 
parasitized 

4) A number of distmct species may exist m a smgle host, thus 
providmg a varymg number of species for each genus 

The divisions were made and the names selected with these con- 
siderations m min d, because they seemed to supply a more easily 
remembered and logical scheme than that m which the names of 
the family and order would have been derived from the name of 
the type genus (The order Euhactenales appears to have been 
established without derivation from below, i e , from a type genus 
and family ) S imil arly because the Latm roots of dog, rat, mouse, 
etc are more fa mili ar than the Greek, it seemed to me to be one 
instance where hybridization rmght be helpful and perhaps even 
desirable 

While I consciously deviated from custom m suggestmg this 
scheme, I must confess that I faded to realize the real legal claim 
of Asterococcus mycotdes and the mfluence which that would have 
on any classification of the “pleuropneumoma” group The mam 
objection that I have to the name Asterococcus myandes and to 
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deriving the names of the family and order from it, is that m 
mtimatmg a coccal nature for the group it not only gives a mis- 
leadmg concept of the essential characteristics of these microbes, 
but also tends to create confusion by suggestmg a morphological 
relationship to other cocci which does not exist However, 
according to Art 15 of the Rules of Nomenclature, "the purpose 
of givmg a name to a taxonomic group is not to indicate the char- 
acters or the history of the group, but to supply a means of refer- 
rmg to it," and accordmg to Art 59, “A name or epithet must not 
be rejected, changed, or modified merely because it is badly 
chosen, or disagreeable or because another is preferable or better 
known " Furthermore, it is doubtful whether even a broad inter- 
pretation of Art 63 which says “A name of a taxononnc group 
must be rejected when its apphcation is uncertam” could be in- 
voked m this case 

Should it finally be decided that the name Asterococcus mycmdes 
cannot be mvahdated, my mclmation would be to select AnUf 
lomyces (from Amdomyces agalaxtae, Wroblewski, 1931) as the 
type genus and to reconstruct the ongmal classification m accord 
with the rules of priority and accepted prmciples of nomenclature 
as follows 

Class Paramycetes 
Order I Anvlomycetales 
Family I AnuUmycetaceae 
Genus 1 Anulomyces 
Type Sp A agcUaxuie 
Genus 2 Asterococcus 
Type Sp A mycotdes 
Genus 3 Canomyces 
Type Sp C cams 
Genus 4 Munmyces 
Type Sp M pulmoms 
Genus 5 Muscidomyces 
Type Sp M neurdlyhcus 
Family 11 Sapromycetaceae 
Genus 1 Sapromyces 
Type Sp S lavUam 
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FACTORS INFLUENCING BACTERIAL GROWTH 

IN BUTTERi 

B W HAMMER and H F LONG 
Iowa State College, Ames, Iowa 

From the standpoint of suitability for bactenal growth, butter 
differs from other dairy products In butter the water is not the 
contmuous phase, as it is m milk and cream, but is dispersed 
throughout the fat as small droplets The fat, which makes up 
approximately 80 per cent of butter, is relatively resistant to 
bacterial action, although certam species may attack it With 
the water droplets walled off by fat, bacteria cannot migrate from 
one droplet to another, and for the most part growth is restricted 
to the droplets origmally mfected The water m butter contains 
different food materials, mcludmg proteins, lactose and salts, that 
are satisfactory for growth of various bacteria However, m the 
case of salted butter the water also contains added sodium 
chlonde which delays or prevents growth of many organisms 
With salted butter the salt content varies widely, and actually 
there is less difference in salt content between unsalted and hghtly 
salted butter than between lightly and heavily salted butter 
The presence of water and materials m solution or suspension m 
it makes butter much more susceptible to bacterial action than 
are various edible fats and oils that contam very httle water and 
practically no food elements other than fat Even with its 
susceptibility to bacterial action, butter commonly is expected 
to keep well, although at times it is subjected to comparatively 
high temperatures for rather extended periods 
Butter regularly contains bacteria arismg from various sources, 
such as the cream, equipment, water used to wash the butter, an, 
employees, cultures added to give the butter a desirable flavor 

* Journal Papwr No J-263 of the Iowa Agricultural Experiment Station, Ames, 
Iowa Project No 119 
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and such miscellaneous sources as salt, packagmg materials, etc , 
with rare exceptions the cream is pasteurized, but some survival of 
bacteria is to be expected with the usual pasteurization pro- 
cedures Many of the bacteria from these various sources grow 
m butter unless prevented by the holdmg temperature, salt 
concentration or some comparable factor Growth of certam of 
the organisms results m flavor defects in the butter For the 
most part the organisms responsible for these defects are easily 
destroyed by heat, and they come commonly from contammated 
eqmpment, with which the cream or butter comes m contact 
foUowmg the pasteurization, or from defective water supphes 

PHYSICAL CONDITION 

The water m butter is in the form of small droplets and it has 
been recognized that this is a significant factor m bacterial growth 
m butter In all probabihty the situation is different with bac- 
teria than with yeasts and molds 

In an extensive study of mottled butter, Storch (104) found 
that the water therem consists of a very large number of finely 
divided droplets Hunziker and Hosman (42) confirmed this 
report and noted that addition of salt causes a reduction m number 
and an mcrease m size of the water droplets, thus givmg the 
butter a deeper yeUow color than it had before saltmg Boysen 
(4) reported that the numbers of water droplets m butter usually 
range from about 11 to 18 bilhon per ml , workmg the butter 
mcreaaes the number of small droplets and decreases their tend- 
ency to aggregate, while saltmg decreases the number of small 
droplets and mcreases their tendency to aggregate 

The effect of the distribution of water m butter on growth of 
bacteria was considered by Rahn and Boysen (82) Smce the 
numbers of water droplets m butter approximate 10 to 18 bifiion 
per g , while the numbers of bacteria are always much less than 
these values, many of the droplets must be sterile The volume 
of water that is free of bacteria depends on two factors, the 
number of bacteria m the cream at the time of churmng and the 
degree of water dispersion m the butter As evidence of lessened 
bactenal activity with mcreased workmg, it was found that acid 
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production m butter serum was less with over-worked than with 
normally worked butter It was suggested that the thorough 
workmg of butter improves the keepmg quahty 

Hammer and Hussong (32) noted that ah the nutrients m but- 
ter are not available for bacterial growth When the serum of 
unsalted butter was separated from the fat, development of 
bacteria was more rapid at either 7 or 21 C than when the product 
was m the normal physical condition Collins and Hammer (8) 
reported that migration of bacteria through butter is not com- 
mon, and when it does occur poorly worked butter is usually 
mvolved 

Usmg an adaptation of Bum’s smear-culture techmc, Long 
and Hammer (54) examined very small portions of butter for 
then bacterial contents An irregular distribution of the bacteria 
was noted, and m many instances the variations were extreme 
This was considered additional evidence that bacterial develop- 
ment m butter is largely limited to certain focal pomts, probably 
infected water droplets 

Knudsen and Jensen (48) demonstrated that bacterial activity 
m butter decreases as the workmg mcreases, they beheved that 
workmg tends to decrease the size of the water droplets, thus 
reducmg the nutrients available for growth Later, they (49) 
noted that after storage butter with many small water droplets 
was more satisfactory than butter with large droplets Condi- 
tions which tended to give large droplets, such as addition of salt 
and churmng of high-acid cream, resulted m butter of poor 
keepmg quahty For estimatmg the number and size of free 
water droplets m butter, a rapid method employing mdicator 
paper has been proposed by Knudsen and Sorensen (50) 

Scharp (94) concluded that, as the workmg of commercial un- 
salted butter is mcreased, the number of organisms after any 
holdmg period decreases, this was attributed to finer dispersion 
of the water As judged by rate of growth, production of defects, 
production of acid by butter culture organisms and production 
of fatty acids by hpolytic organisms. Long and Ha mm er (55) 
found that bacteria were more active m under-worked than m 
thoroughly worked butter Pont (74) also emphasized that the 
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physical structure exerts considerable influence on bacterial 
activity in butter 

The effect of the physical condition of butter on development of 
the putrid defect has been mvestigated m some detail Culhty 
and GriflBn (9) and also Pont (75) noted that thorough working of 
butter retarded the appearance of the defect Itzerott (43) 
observed that the rabbito defect occurred most frequently and 
developed most rapidly m butter showmg an open texture and 
free moisture Conversely, Totman, el al (105) found no convmc- 
mg evidence that the amount of workmg which butter receives 
has an appreciable effect on the keepmg quality, they stated that 
very seldom is butter worked so httle that the water and salt are 
not sufficiently distnbuted to provide the benefit of the anti- 
septic action of salt 

Smce the amount of workmg that butter receives at the time of 
manufacture has an effect on growth of bacteria m it, workmg 
subsequent to manufacture also would be expected to affect the 
growth Prucha and Brannon (78) found that butter which had 
gone through a prmtmg machme havmg a crushmg action did not 
keep as well as butter not so treated, m one case a decided off 
flavor quickly developed m the prmted butter, while the un- 
prmted butter did not develop the defect Gratz (24) observed 
that bacterial growth was greater m the outer layers of butter 
than m the mterior and emphasized the importance of this m the 
lipolysis of reworked butter In several comparisons mvolvmg 
butter reworked with and without the outer layer removed, it 
was found that fat hydrolysis was more pronounced without the 
removal Probably redistnbution of organisms through the 
butter by the reworkmg was a factor of significance Culhty and 
Griffin (9) reported cases m which the reworkmg of apparently 
sound butter rapidly resulted m the putnd defect Turgasen 
(106) cited instances m which butter prmted m a machme havmg 
a reworkmg effect became cheesy, while unprmted butter from 
the same chummg kept satisfactorily 

Long and Hammer (56) concluded that the reworkmg of un- 
salted butter, made from pasteurized cream moculated with 
various organisms, frequently mcreased the activity of the organ- 
isms at 10 C , as evidenced by growth rates, production of defects. 
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decreases m pH values of the butter senun when butter cultures 
were added to the cream and mcreases m acidities of the fat when 
hpolytic organisms were used Apparently redistribution of 
organisms and aggregation of water and the nutnents contamed 
m it were primarily responsible for the mcreased activity In 
some instances the reworkmg of salted butter cont ainin g organ- 
isms capable of producmg defects has tended to favor develop- 
ment of the defects, while m other instances reworkmg has had 
no effect on deterioration or even tended to inhibit bacterial 
action (36) 

Results of various mvestigations mdicate that the physical 
condition of butter has a marked influence on growth of bactena 
in it With uDsalted butter there appears to be a definite rela- 
tionship between the amount of workmg that the butter receives 
and bacterial growth, with salted butter the same general 
relationship probably obtains, although the dispersion of the 
water may be affected somewhat by the presence of salt The 
reworkmg of butter under certam conditions tends to accelerate 
bacterial growth at favorable temperatures 

TEMPERATURE 

Just as it influences the action of bacteria m various food 
products, the temperature at which butter is held would be 
expected to influence the activity of bacteria therem Low 
temperature constitutes one of the important factors m the 
control of both bacterial and chenucal deterioration of butter 

Bacterial changes m butter held below 0 C , where httle change 
would be expected, have been repeatedly mvestigated Sayer, 
et al (93) found that low temperatures entirely checked the 
growth of many species, while others grew only slowly It was 
noted that salt lowers the freezmg pomt considerably and thus 
may mterfere somewhat with the effect of low temperatures In 
certain samples the freezmg pomt of the brme was — 22 C Later 
Rahn, et al (83) reported that some microorganisms multiphed 
m salted butter at — 6 C , moreover, salted butter kept better than 
unsalted above the freezmg pomt as well as below 

In salted butter made from raw and pasteurized cream plus 
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butter culture, Rogers and Gray (89) found that the numbers of 
bacteria gradually decreased at both -23 3 and -12 2 C , the 
decrease bemg shghtly more rapid at the higher temperature 
Deterioration of high-acid butter at low temperatures was not 
attributed to microbiological action 
Brown, et al (6) mvestigated changes m bacterial numbers 
m salted butter held at - 17 8 C for 428 days and found that 
relatively high bacterial counts persisted m butter over 1 year 
old However, durmg the first 9 days of storage there was a 
rapid decrease m bactena after which the decrease was more 
gradual Lactic acid organisms persisted as long as 275 days and 
in one case for 426 days It was suggested that low temperatures 
and salt decreased the rate of metabolism 
Grimes (25) stored salted butter, made from pasteurized sweet 
cream plus 10 per cent butter culture with and without npemng, 
at — 21 1 C for 6 to 7 months In the butter made from npened 
cream, 95 to 99 per cent of the bacteria died durmg the holdmg 
In the sweet-cream butter, the average decrease m numbers of 
bactena was 20 per cent, the maximum bemg 65 per cent, some 
lots showed no decrease When proteolytic bactena were added 
to either type of cream before churmng, they were not a significant 
factor m the deterioration of the butter 

Amp and Gilmour (2) held salted butter made from unnpened 
pasteunzed cream at — 7 C for 6 months Bactenal counts 
every 4 weeks mdicated that httle or no bacterial growth took 
place, nor was there any considerable reduction m counts The 
temperature of storage was sufficient to stop bactenal action 
regardless of the extent of infection or of the moisture, acid, curd, 
iron or copper contents Later, Amp and Gilmour (3) found 
that bactenal counts decreased m each of three lots of salted 
butter held at —12, —6, and — 2 C 
Nelson and Hammer (67) stored butter at — 20 C foUowmg 7 
days at 21 C There were decreases m bactenal counts whether 
the butter was salted or unsalted, the decreases averaging 64 per 
cent with salt and 74 per cent without salt In both types of 
butter the largest decreases m counts occurred with the samples 
havmg the highest coimts on entermg storage 
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Changes in the flora of salted sweet-cream butter held at 
-9 4 C for 2 to 8 mouths were mvestigated by Grimes and 
Hennerty (26) In general, mcreases m total counts (bacteria 
and yeasts) occurred The mcreases were attributed to the 
growth of yeasts rather than of bacteria There was neither a 
defimte mcrease nor decrease m numbers of gelatm-hquefymg 
bactena durmg the storage 

Loftus-Hills, et al (53) found only shght changes m bacterial 
numbers durmg storage of salted butter at — 11 1 C for 3 months 
In general, lactose-agar plate-counts decreased, while gelatm 
plate-counts mcreased Durmg the storage Eschenchza-Aero- 
hacter organisms, acid-producers and gas-formers disappeared m 
some samples but appeared m others 

Changes m bacterial numbers m salted and unsalted butter 
held at — 25 C were compared by Jacobsen (45) who reported 
marked reduction m numbers with both types of butter Appar- 
ently freezmg destroyed the small numbers of proteolytic and 
hpolytic bactena origmally present Turgasen (106) mvesti- 
gated the effect of extended holdmg of butter at -28 9 C on the 
activity of organisms causmg cheesmess, samples of infected 
prmt butter held for 6 months developed the defect when removed 
from storage and placed at 21 1 C 

At 0 C or above, changes m bacterial numbers depend consid- 
erably upon factors other than temperature Some mvestigators 
have reported decreases m this temperature range, while others 
have reported mcreases In salted butter made from raw and 
pasteurized cream plus butter culture and held at 0 C , Rogers and 
Gray (89) noted decreases m bactena In salted butter held at 
0 to 10 C for 37 days, or at 35 C for about 1 month Lafar (52) 
also obtamed decreases, at room temperature the bactena m- 
creased rapidly at first and then began to die, leavmg the butter 
rancid and tallowy Wilson and Prucha (113) found that 3 
weeks at 18 3 C almost completely ehmmated acid-fonmng 
organisms from salted butter, leavmg alkah-formers and an mert 
group , the flora of butter stored at 4 4 C tended to remam the 
same as that of the fresh butter 

Except for two organisms, Fennema (16) found that a tempera- 
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ture of 0 to 10 C largely prevented growth of the cultures em- 
ployed m salted and unsalted butter made from sterilized cream, 
Serraiia marcescens and an organism producmg jBshmess showed 
some shght growth m salted butter durmg the first few days of 
holdmg Guthrie, ei al (29) mvestigated the changes m salted 
and unsalted butter held at 5, 10 and 24 C and found that all 
samples deteriorated more rapidly at the higher holdmg tem- 
peratures 

In unsalted butter held at 21 C , Hammer and Hussong (32) 
noted rapid mcreases m numbers of bacteria, while at 7 C there 
also were mcreases but they were much less rapid than at 21 C 
In unsalted butter stored at 0 C , Macy, et al (61) found that 
bacterial counts usually were higher after 1 or 9 months than 
originally The mcreases were more frequent and marked m the 
butter held 1 month, usually the maximum count was reached m 
about 10 days, after which there was a gradual decrease In 
salted butter a large percentage of the samples had decreased m 
bacterial coimt after 1 or 9 months The imsalted butter fre- 
quently developed defects, while the quality of the salted butter 
remamed reasonably satisfactory Shepard (96) reported that 
bacterial development m unsalted butter held 14 days was more 
rapid and extensive at 21 C than at 0 C 

Accordmg to Garrison (21), fluorescent bacteria m unsalted 
butter survived 6 months at 1 to 3 C Shghtly less than half the 
cultures studied produced flavor defects at these temperatures 

Itzerott (43) suggested that temperature is the greatest factor 
mfluencmg development of the rabbito defect At temperatures 
between 15 6 and 32 2 C the defect developed m 2 to 4 days, 
while at temperatures below 12 8 C development of the defect 
was retarded 

Changes m flavor of butter under commercial cold-storage 
conditions ( — 10 C or lower) appear entuely uncorrelated with 
microbiological activity m all types of butter, accordmg to Pont 
(74) In general, no convmcmg evidence of biological activity 
m butter under these conditions has been produced and, from 
theoretical considerations alone, none would be expected At 
temperatures above 0 C marked degradation of quality may be 
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brought about by bacterial development In this respect, par- 
ticular organisms or groups of organisms appear of more sig- 
mficance than total bacterial populations Pont emphasized 
that under commercial conditions, butter commonly is subjected 
to temperatures which permit bacterial development both before 
and after periods of cold storage Normally, after manufacture 
at least 3 or 4 days elapse before the temperature of the butter 
falls below 5 C , often it may be above 0 C for 10 da}^ or more 
before the butter is consigned to storage After storage, tem- 
peratures above 0 C agam are used to pernut gradmg, prmtmg 
and disposal on the retail market 

The data mdicate that growth of bacteria m butter is largely 
prevented by temperatures of 0 C or below and that some destruc- 
tion of bacteria may result However, it is possible that m salted 
butter growth of certam bacteria may occur at temperatures 
shghtly below 0 C due to depression of the freezmg pomt by the 
salt, such growth is limited both by the temperature and the salt 
At temperatures above 0 C bacterial development may be rapid, 
especially m unsalted butter 


SALT 

The retardmg effect of salt on the activity of bacteria m butter 
is generally recognized and extensively used m butter manufac- 
ture, although some butter is made without salt Amounts of 
salt used m butter vary widely (from a fraction of 1 per cent to 
about 4 per cent) dependmg on the market for which the butter is 
intended Unsalted butter is of two prmcipal types, that made 
with low chummg acidities for use m reconstitutmg cream, etc 
and that made with high churnmg acidities so that it will have 
considerable flavor 

General observations Lafar (52) reported that salt had a 
defimte bactericidal action m butter held at 0 C for about 30 
days, hght saltmg (0 5 to 10 per cent) seemed as effective as 
heavier saltmg at both 0 and 35 C 

In two lots of butter, one salted and one unsalted, held at 0 to 
3 3 C , Loveland and Watson (58) found that the numbers of 
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bacteria gradually diminished as the butter aged, the decrease 
bemg much greater m the salted butter than m the unsalted 
There was a more rapid decrease durmg the first few hours of 
holdmg than later Bacterial counts on the fresh butter were 
extremely high, bemg 115,302,000 per g for the unsalted butter 
and 54,170,000 per g for the salted butter 

Fettick (17) stored salted and unsalted butter m a refrigerator, 
which varied m temperature from 0 to 18 C , for 5 months Dur- 
mg this penod the numbers of bactena m the unsalted butter were 
higher than m the salted at each exammation In the unsalted 
butter the numbers were still mcreasmg at the end of the holdmg, 
while m the salted butter the numbers mcreased for about 1 
month and then did not change materially although some fluctua- 
tion was noted Fettick beheved that butter with 2 or 3 per cent 
salt keeps better than that with higher percentages, the reason 
bemg that the lactic acid bacteria can tolerate the lower amounts 
but not the higher, if the lactic acid bacteria are killed by high salt 
content, other types which are not salt-resistant may grow and 
produce undesirable changes 

Hahn, et al (83) found that salted butter kept better than 
unsalted, both above and below 0 C They also noted that there 
are microorganisms m butter which can multiply m salted butter 
at — 6 C , whether these organisms could cause deterioration was 
not determmed 

McKay and Larsen (63) concluded that salt improves the 
keepmg quahty of butter Later, they (65) stated that, so far 
as the keepmg quahty is concerned, it would be advisable to salt 
butter as heavily as 6 per cent Such saltmg would tend to check 
deterioration due to bacteria Fennema (16) concluded that salt 
IS a very important factor m butter preservation, he found that 
salt not only checks bacterial growth but quickly decreases the 
numbers of organisms m the butter 

The Minnesota Agricultural Experiment Station (66) reported 
that salt affects butter by both the direct chemical and the m- 
(hrect biological routes At temperatures hmitmg bacterial 
growth, the effect of salt is to deteriorate butter, under conditions 
favormg bacterial growth, salt tends to inhibit such growth and 
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preserve butter Unsalted butter kept better than salted at 
-12 2 C 

Bacteriological changes in salted and in unsalted butter held at 
-26 C were compared by Washburn and Dahlberg (108) 
After 113 days every sample of unsalted butter contamed more 
bacteria than its salted duphcate, and similar, though less uniform 
results, were obtamed after 284 days Low temperature ap- 
peared to be so important m preventmg bacterial development 
that the antiseptic property of the salt played a min or role 
Streptococcus lactis withstood the adverse conditions better than 
other organisms 

Weigmann (109) recognized that salt is a common, but by no 
means powerful, preservative for butter and butter-hke sub- 
stances He observed that unsalted butter, when not made with 
special precautions, contains more microorganisms than salted 
butter and that the latter possesses the better keepmg quahty 
Spitzer, et al (103) studied changes m the flora of stored butter, 
the number of butter samples showmg bacterial mcreases durmg 
storage decreased as the salt concentration m the brme mcreased 
Later, Spitzer andParfitt (102) reported the same results and also 
that proteolytic bacteria were inhibited least by the salt m butter 

Macy (60) noted a general tendency for salted butter to decrease 
m bacterial count durmg storage at 0 to 1 7 C for 1 to 9 months, 
while unsalted butter showed an mcrease There was no greater 
tendency for the more highly salted samples to decrease m count 
than for those of lower salt content, this was explamed by the 
fact that the majority of organisms inhibited by salt are inhibited 
by relatively small amounts When the data were considered 
from the standpomt of concentration of salt m the brme, instead 
of m the butter, essentially identical results were obtamed, 
although there was a shght mdication that more concentrated 
brmes were somewhat more inhibitory 

Hammer and Hussong (32) reported that salted butter held at 
either 7 or 21 C tended to decrease m bacterial content Horo- 
\ntz- Vlasova, et al (39) concluded that saltmg efBciently prevents 
bacterial grow'th m butter if the cream is salted before churmng, 
but its power is limited by the low solubihty of salt m butterfat 
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Loftus-Hills, et al (53) stored butter at —11 1 C for 3 months 
and found no relationship between salt content or brme concen- 
tration and keepmg quahty of butter, or between brme concen- 
tration and bacterial mcrease or decrease 

Changes m the flora of salted and unsalted butters made from 
sweet cream plus 8 per cent butter culture and held at 0 C for 6 
to 19 weeks were studied by Shepard (96) In the salted butter a 
gradual decrease m bacteria occurred, while m the unsalted there 
was an extensive mcrease 

Effect of salt on development of defects and on growth of organisms 
The abihty of salt to retard appearance of butter defects caused 
by microorganisms has been studied by various mvestigators 
The effect of salt on organisms encountered m butter, but not 
normally capable of producmg defects, also has been considered 
Schmidt (95) found that salt retarded the development of 
rancidity m butter but was less effective than pasteurization of 
the cream used for the butter The best keepmg quality was 
obtamed through a combmation of saltmg and pasteurization 
Orla-Jensen (68) washed butter containing Pseudomonas fluores- 
cens^ with 25 per cent aqueous salt solution, so that the salt 
content of the butter was 2 9 per cent, and found the organism 
almost completely inhibited He noted that the butter con- 
tamed 13 4 per cent water, which resulted m a 21 6 per cent brme, 
a concentration sufficient to prevent growth of almost all bacteria 
Accordmg to Giltner and Baker (23), microorganisms which 
hquefy casern and gelatm are more easily affected by salt than 
some non-hquefiers Virtanen (107) reported that fermented, 
cheesy, putrid and rank flavors m butter generally are caused by 
organisms that are often of the water t 3 q)e and generally m- 
hibited by salt 

The percentages of salt m surface tamt butter agree very 
closely with the percentages m normal butter, accordmg to Hood 
and White (38) Surface tamt was noted m butter with as high 

* The name “Badenum Jluorescem hquefanens” haa been used by different in- 
vestigators It IB assumed to refer to the orgamsm now commonly designated 
Pseudomonas fluorescens although additional classification studies on the fluores- 
cent Pseudomonas orgamsms may change this idea 
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as 2 67 per cent salt, equal to a brine concentration of 15 37 per 
cent They questioned the control of the responsible organisms 
by high saltmg smce many markets demand butter with less than 
2 67 per cent salt 

The effect of salt on development of surface tamt at 15 6 C 
was mvestigated by Derby and Hammer (10) who foimd that 
unsalted and low-salted butter made from cream moculated with 
defective butter developed surface tamt m a short time, while 
medium-salted butter remamed normal durmg the 7-day holdmg 
period Plate and direct coimts after 2 and 7 days were higher 
on the defective butter than on the normal butter When 
Pseudomonas 'putrefaciens was used for moculation, unsalted 
butter and low-salted butter were putrid m 4 days, while medium- 
salted butter was stiU normal after 20 days Claydon and 
Hammer (7) mdicated that salt tends to prevent the putrid defect 
m butter but noted that many lots of commercial salted butter 
become putrid In studies on cheesy butter, Turgasen (106) 
found that as much as 4 per cent salt sometimes did not prevent 
the condition Pont (75) emphasized the value of heavy saltmg 
m controlhng the putrid defect 

Itzerott (43) reported that salt had a greater effect than acidity 
m checkmg growth of organisms causmg the putrid condition m 
butter, a salt content of 1 7 per cent gave some protection Long 
and Hammer (57) noted that m esperimental butter contammg 
2 5 per cent salt and held at 3 and 21 C growth of P putrefaciens 
was inhibited, after a sbght mcrease m numbers early m the 
mcubation period a decrease occurred Saltmg and workmg 
prevented appearance of a defimte defect In unsalted butter 
growth was rapid at 3 and 21 C , and the putrid defect developed 
rapidly 

In butter containing 2 per cent salt and held at 21 C , Nelson 
and Hammer (67) found that butter-culture streptococci devel- 
oped httle or not at all, while m imsalted butter the orga n isms 
developed extensively Jacobsen (44) reported that 2 5 per cent 
salt m butter prevented growth of hpoljiiic and proteoljdic 
bacteria at — 25, 21 C and temperatures between 

Rice (85) noted that m salted butter at — 10 C Escherichia- 
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Aerobacter organisms persisted for 8 weeks At 15 6 C the organ- 
isms hved for considerable periods, but their reproduction was 
almost suspended, after 21 days there was a slight mcrease m 
some samples and a shght decrease m others However, other 
microorganisms, especially chromogemc micrococci, mcreased m 
numbers In unsalted butter at 15 6 C , Eschenchza-Aerohacter 
organisms mcreased very rapidly 

White (111) mvestigated a black discoloration of salted butter 
and isolated the causative organism which he named Pseudomonas 
mgnfaatens, it is probably identical with an organism described 
by Hiscox (35) The saltmg of butter with at least 1 25 per cent 
salt, to give approximately 7 per cent salt m the serum, was sug- 
gested as a control measure 

Hammer and Olson (33) reported that organisms which ac- 
tively produced phosphatase m milk also rapidly produced it in 
unsalted butter, these mcluded P putrefaciens, P mgrtfaciens, 
Pseudomonas mephiMca and Flavobactenum fecale In general, 
when the butter was salted, production of phosphatase was less 
rapid and less extensive than m the correspondmg imsalted butter 
but was stiU defimte with various organisms 

Effect of salt on activity of organisms in bacteriological media 
Investigators have determined the salt tolerance of different 
organisms by growmg them m hquid media or on sohd media 
containmg known salt percentages While many of the organ- 
isms studied are not of importance m butter, a rather exact 
knowledge of the salt tolerance of various organisms or groups of 
organisms is useful m considermg the inhibitory effect of different 
brme concentrations m butter 

McKay and Larsen (64) studied the effect of salt on a spore- 
forming organism and a gas-forrmng organism isolated from 
butter In a medium containing 4 per cent salt both grew, while 
m a medium conta inin g 6 per cent salt neither grew 

Pettersson (71) reported that the rod-shaped bacteria in- 
vestigated did not grow m bouillon containmg more than 10 to 
12 per cent salt, while most cocci grew very weU with 15 per cent 
salt present Putref 3 Tng bacteria were more sensitive to salt 
than other types The inhibitory action of salt was especially 
pronoimced at concentrations of 20 to 25 per cent 
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The effects of salt on various organisms often found m butter 
were studied by Fettick (17) who mdicated that the foUowmg 
types were quite sensitive to salt Lactic acid bacteria, P flicores- 

cens, Bacterium fragariae (probably Pseudomonas fragi), Al- 
cahgenes viscosus and S marcescens Organisms that were qmte 
resistant to salt mcluded Eschenchia coh, Aerohacter aerogenes 
and certam spore-formers 

Brown (5) studied the salt tolerances of organisms isolated from 
butter held m storage at — 19 4 to — 16 1 C Twenty-four of 57 
cultures of bacteria grew on a 12 per cent salt medium at 20 C , 
and four of these grew well on the medium at 6 C The ratio of 
hquefymg to non-hquefymg cultures was much the same whether 
the bacteria were isolated on ordmary agar or on agar containing 
12 per cent salt 

Gdtner and Baker (23) mvestigated the effect of salt on the 
flora of butter and found that 8 per cent retarded the physio- 
logical processes of most organisms, although concentrations of 12 
to 20 per cent did not inhibit all growth, streptococci were sensi- 
tive to salt, while micrococci and staphylococci tolerated high 
percentages 

Gubitz (27) noted that P fiuorescens grew poorly m media 
containing 5 per cent salt Of two gram negative, fluorescent, 
gelatm-hquefying bacteria studied by Henneberg (34) , one toler- 
ated 7 5 per cent salt, while the other tolerated only 5 per cent 
Henneberg mdicated that salt is one of the factors tending to 
protect the fat and protem of butter from the action of P jlucres- 
cens Of twelve species of the Alcahgenes group, one tolerated 
15 per cent salt, four 10 per cent, five 5 per cent and two 2 5 per 

cent, of five species of streptococci, three tolerated 5 per cent 
salt and two 2 5 per cent, of eight species of micrococci, seven 
tolerated 15 per cent salt and one 2 5 per cent, and of three species 
of the Proteus group, one tolerated 15 per cent salt and two 10 
per cent 

The salt tolerances of some hpol 3 d;ic bacteria m bouillons con- 
taimng various percentages of salt were mvestigated by Ha mm er 
and Collms (31) Twenty-three cultures representmg the follow- 
mg species were studied Achromobacter conmt, Achromobacter 
lipolyticum, Pseudomonas aeidiconcoquens, P fiuorescens, P fragi, 
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Pseudomonas mucidolens, Pseudomonas schuylMltensis, Pseudo- 
monas synmntha and an unidentified species of Micrococcus 
Nineteen of the cultures grew in 5 per cent salt bouillon, twelve 
in 6 25 per cent, two in 7 5 per cent, while one (the micrococcus) 
grew in 12 per cent 

Hof (37) studied the salt tolerances of organisms by moculatmg 
garden soil mto enrichment media contammg various percentages 
of salt In this manner cultures of lactic acid and Escherichia^ 
Aerobacter organisms were obtamed m media conta inin g 6 per 
cent salt, while butyric acid, urea and proteol 3 dic bacteria were 
obtamed m media contammg 24 per cent salt Cultures from 
the enrichment media tolerated higher percentages of salt than 
laboratory cultures of the same species 
Kanunnikowa (47) reported that 1 per cent salt m a medium 
contammg 4 per cent butter favored growth of S marcescens 
and inhibited growth of P fluorescens Higher salt concentra- 
tions retarded the decomposition of butter Salt retarded the 
formation and activity of bactenal proteases and hpases 
The organism which Hiscox (35) found responsible for dark 
discoloration m salted butter required 1 to 2 per cent salt for 
growth m laboratory media but was inhibited by 5 per cent 
White (111) reported that P nigrifaciens grew well m laboratory 
media contammg 1 5 per cent salt but not at all m media con- 
tammg no salt, growth was decreased by 7 5 per cent salt and 
was extremely shght with 10 per cent 

Garrard and Lochhead (20) mdicated that gram negative 
nucrococci were less salt tolerant than gram positive nucrococci 
There was httle difference between gram negative and gram 
positive rods, considered as groups Many organisms isolated 
on 5 per cent salt agar from a salt free environment tolerated 
relatively high salt concentrations, over one-half growmg m 
media contammg 0 to 15 per cent salt and one-fifth growmg m 
media contammg up to 20 per cent, 25 per cent salt was defitntely 
inhibitory to organisms isolated on a 5 per cent salt medium 
Garrison (21) found that addition of 6 per cent salt to beef- 
extract peptone broth prevented growth of some cultures of 
fluorescent bacteria but not of others, only a few cultures grew 
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in broth containing 8 per cent salt In experimental unsalted 
butter made without butter culture nearly all the organisms 
studied produced off flavors at 21 C Addition of 2 per cent 
salt to the butter prevented development of off flavors bj'' some 
cultures but not by others 

Long and Hammer (57) reported that P putrefaciens grew 
m milk contammg 4 per cent salt but not m milk containmglO 
per cent, with 6 or 8 per cent salt, some cultures of the organism 
grew and some did not 

Salt dzstnlmtion Rahn (81) observed that not aU water 
droplets m butter have the same salt content smce salt is added 
after washmg when many small droplets are already enclosed m 
fat He suggested that this probably is of great importance from 
the standpomt of the growth of nucroorganisms m salted butter 
Weigmann (110) emphasized the same ideas 

Claydon and Hammer (7) concluded that salt is not entirely 
effective m mhibitmg the putnd defect m butter unless combmed 
with thorough workmg of the butter When butter contammg 
a pure culture of P piUrefaaiens was worked only shghtly, neither 
1 nor 2 per cent salt prevented the defect, with thorough workmg 
either amount controlled it 

Hoecker (36) used a micro procedure for determining the salt 
m approximately 0 2 mg portions of butter With both normal 
and abnormal commerical butter, some chummgs had the salt 
very uniformly distributed while others had it poorly distributed 
With most churnmgs there was a correlation between salt distri- 
bution and mcorp oration of water As the workmg process con- 
tmued, the salt became more uniformly distnbuted Prmtmg 
butter m equipment havmg a reworkmg action did not signifi- 
cantly affect the salt distribution 

Salt concentration necessary to inhibit bacteria Orla-Jensen 
(68) reported that the development of microorganisms m butter is 
completely inhibited only when the concentration of salt m the 
brme reaches 25 per cent, for example with 13 per cent water and 
3 3 per cent salt Later, he (70) observed that the preservnng 
action of salt is the more pronounced the lower the percentage 
of water m the butter, and he agam pomted out that a relatively 
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high concentration of salt in the brine is essential for preventing 
growth of all bacteria Weigmann (109) likewise indicated that 
the percentage of salt necessary to preserve butter depends on 
the water content He (110) also noted that research on the 
effect of salt on microorganisms is not abundant and does not 
always agree He suggested that salt percentages which are 
toxic for some species may be stimulatory for others, thus lactic 
acid bacteria rmght be killed by a salt percentage which would 
stimulate undesirable species Kretchmar (51) stated that, ac- 
cordmg to its concentration m solution, the action of salt on 
bacteria may vary, a 0 5 molar concentration bemg stimulatory 
and a 3 0 molar concentration bemg inhibitory In addition, 
salt widens the pH range of media withm which bacteria will 
grow 

Pont (74) mdicated that the concentration of salt in the mois- 
ture of butter may play a large part m controlhng the activity of 
microorganisms, he also noted that m many experiments these 
concentrations have not been given and then* effect on micro- 
biological changes has not been emphasized 

Hammer (30) pomted out that the influence of salt varies with 
the species present m butter and suggested that this is an im- 
portant factor m determining whether bacterial mcreases occur 

Relationship of initial contamination to salt effect It is prob- 
able that bacterial growth m salted butter depends to some extent 
on the numbers of organisms mitially present Wmslow, et al 
(114) reported that m broth large numbers of organisms tend to 
neutrahze the mhibitory effect of salt and stated that there always 
IS a mass effect caused by large numbers of hvmg or dead cells 
which tends to neutrahze any mhibitory action Various con- 
centrations of E coll, Micrococcus alhus and Bacillus mesentencus 
were moculated by Slemmons (99) into bouillons contauung from 

I to 12 per cent salt The larger moculations of the organisms 
showed greater salt tolerance than the smaller moculations 
With M albus an moculation of 50 cells failed to grow m 4 per 
cent salt bouillon, whereas an moculation of 50,000 cells grew m 

II per cent salt bouiUon 

Adaptation to salt In studymg the effect of salt on the bacteria 
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m butter, Giltner and Baker (23) noted that the salt tolerance of 
some organisms could be mcreased by contmued cultivation on 
salt-agar Garrard and Lochhead (20), m working with pickle 
brme, found that various species of bacteria can adapt themselves 
somewhat to changes m salt concentration and suggested that 
some adjustment to the high salt content of pickle brme is possible 
However, of 23 species mvestigated, all of which grew on a 5 per 
cent salt medium, none grew on a 10 per cent salt medium From 
this it was concluded that the action of 30 per cent salt mvolved a 
toxic effect, and there was no adjustment to the high salt con- 
centration It was noted that various organisms displayed more 
resistance to salt m pickle brme than m broth of similar salt 
content Of 15 species inhibited after 5 da}^ m 30 per cent salt 
broth and 22 species inhibited after 10 days, only 5 and 6 species, 
respectively, were inhibited m pickle brme of almost identical 
salt content 

The available data show that salt tends to retard bacterial 
growth m butter and thus to delay or prevent bacterial deteriora- 
tion The important factors mfluencmg the action of salt in 
butter appear to be concentration m the water and uniformity of 
distribution throughout the water droplets Even when con- 
siderable salt IS added to butter the concentration m the water 
may not be sufficient to mhibit all bacterial growth, and with 
light saltmg the inhibition is much less Many instances have 
been reported m which organisms known to be relatively sensitive 
to salt have produced conspicuous defects m salted butter 
Probably there are various causes for this, the chief one being 
failure to thoroughly mcorporate the salt, as a result, salt-sensi- 
tive bacteria can develop m those droplets of water which contam 
little or no salt The present demand for hghtlj’’ salted butter 
may account for some of the outbreaks of bacterial spoilage m 
butter, especially when combmed with poor salt distribution 
The extent of contamination doubtless is of considerable practical 
importance m this general connection, and the abihtj’’ of certam 
organisms to adapt themselves to lugher concentrations of salt 
than they normally encounter also may be a factor 
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ACrDPTY 

The acid contents of different t5T)es of butter vary widely 
Salted butter commonly has a low acidity because of the danger 
of serious chemical deterioration from a combination of salt and 
high acid, the danger is particularly great m butters with rela- 
tively high copper content Unsalted butter made for reconsti- 
tution of cream, etc has a low acidity because of the objec- 
tionable effect of high acidity on the flavor of the reconstituted 
products On the other hand, unsalted butter that is mtended 
to have a high flavor must contam considerable acid for proper 
flavor development Smce some bacteria are known to be sensi- 
tive to acid, the acidities of certam lots of butter would be ex- 
pected to influence bacterial growth therem 

Orla-Jensen (68) moculated butter with P fluorescens and 
S lactis and noted that the lactic acid formed by the latter organ- 
ism inhibited fat hydrolysis There was httle free volatile acid 
produced, and the odor and taste were not particularly objec- 
tionable The effect of acid production by S lactis on the growth 
of P fluorescens m milk was studied by Luxwolda (59) who found 
that both species appeared to profit by the association at 10, 13, 
or 15 C Smce the fluorescent organism hved m the acid medium, 
it was beheved that the nulk-sourmg bacteria produce somethmg 
besides acid which hmders the growth of fluorescent organisms m 
sour milk 

Shutt (98) reported that chummg cream at an acidity of not 
less than 0 35 per cent was beneficial m avoidmg defects caused 
by P fluorescens smce the organism grows only feebly at a pH 
as low as 6 6 He mdicated that surface tamt, which he beheved 
could be caused by P fluorescens, occurs only m sweet-cream or 
neutrahzed-cream butter and never develops m sour-cream butter 
However, Gubitz (27) found that m bacteriological media P 
fluorescens grew at pH values as low as 5 4 to 5 8 Rahn (81) 
noted that the acidity of butter serum has an effect on bacterial 
growth m butter, but that m butter made from sour cream some 
organisms can grow which cannot grow m sour milk For ex- 
ample, sour-cream butter often becomes rancid due to growth of 
P fluorescens although this organism cannot grow m sour milk 



BACTEKIAL GEOWTH IN BUTTER 


357 


Rahn beheved that removal of some of the acid from butter durmg 
washmg of the granules lowers the acidity to a pomt where P 
fluoresccTis can grow He reported that other species, such as 
E coh, A aerogenes, yeasts and molds, tolerate a rather highly 
acid medium 

The pH tolerances of 505 cultures of fluorescent bacteria were 
mvestigated by Gramson (21) In beef-extract peptone broth 
they all grew from pH 5 5 to pH 10 0, while many grew at pH 
4 5 and four grew at pH 4 0 In skim milk adjusted to pH 5 0, 
the 10 cultures tested grew rather rapidly The effect of butter 
culture on the ability of the organisms to produce defects m 
experimental butter was studied with 52 cultures, addition of 10 
per cent butter culture to the cream prevented development of 
off flavors m unsalted butter by 16 of the cultures and m salted 
butter by 27 of them 

Rogers (86) reported that durmg cream npemng the lactose 
16 partly fermented to lactic and similar acids which protect the 
butter from fermentation by less acid-tolerant bacteria He 
noted that putrefactive bactena, which often attack the curd of 
butter, are usually checked by acid 

Maz6 (62) pomted out that the bacteria causmg deterioration 
m butter attack the casern and lactose and that these organism s 
are retarded by lactic acid Addition of lactic acid to the finished 
butter m the proportion of 0 5 to 1 g per bter was advocated as 
a control measure, but this was not beheved to completely pre- 
vent growth 

In a study of butter obtamed m the Boston market, Rosenau, 
et al (90) found no relationship between numbers of bacteria and 
reactions of the butter Gilmour and Cruess-Callaghan (22) 
could detect no relationship between acidities of Irish Free State 
creamery butter and rates of growth of microorganisms as a group 
Pont and Sutton (76) reported that the majority of samples of 
New South Wales butter exammed had pH values between 7 0 
and 7 7, the modal value bemg 7 4 Withm experimental limits, 
no correlation was observed between pH values and bacterial 
counts The data did not suggest that mcreased alkalmity of 
the serum favors development of proteoljdic species 
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Fennema (16) found in salted sour-cream butter stored at 0 
to 10 C a decrease m numbers of bacteria from the beginnmg of 
storage The decrease was rapid for the first few days, then 
more gradual, until at the end of several months only a few organ- 
isms remamed More rapid decreases were encountered m 
samples origmaUy contaimng large numbers of bactena than m 
those ongmally contaimng small numbers In salted sweet- 
cream butter there was a rapid mcrease durmg the first few daj^ 
of storage and then a decrease 

Virtanen (107) mdicated that bacteria of the water type, 
which often cause cheesy and putrid defects m butter, are inhi- 
bited by the acidity of sour-cream butter In studies on butter 
spoilage Horovitz-Vlasova, et al (39) noted that acidification 
inhibits the growth of putrefactive bactena but may favor other 
organisms 

Wiley (112) concluded that at 4 4 and 18 3 C butter detenora- 
tion caused by bactenal action was not delayed by the presence 
of acid Jacobsen (44) foimd that at room temperature flavor 
deteriorations and mcreases m bacteria were more extensive m 
unsalted non-culture butter than m unsalted culture butter 

The effect of butter culture on development of surface tamt 
m experimental butter was mvestigated by Derby and Hammer 
(10) When 10 per cent butter culture was added to pasteurized 
cream moculated just before churning with surface tamt butter or 
P putrefaciens, development of a putrid condition was prevented 
m either salted or unsalted butter held at 15 6 C P pvirefaciens 
developed m milk with acidities of 0 27, 0 28 and 0 29 per cent 
but not m milk with acidities of 0 30 and 0 31 per cent Claydon 
and Hammer (7) studied the effect of pH on production of the 
putrid defect m unsalted butter by P ‘putrefaciens and concluded 
that the organism can cause the defect over a wide pH range 
Butter made from cream with a pH of 4 5 did not spoil, that 
made from cream with pH values of 5 2 and 6 0 was slightly defec- 
tive m 1 day at 21 C , pH values from 6 0 to 7 8 allowed rapid 
growth of the organism m butter The inhibitory effect of butter 
culture m unsalted butter also was mvestigated At 21 C , 5 per 
cent butter culture m the cream prevented the defect and was as 
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effective as 12 per cent, whether the organism was added to the 
cream before churning or to the water used to wash the butter 

Pout (75) mdicated that within the range of safe hmits from the 
standpomt of chermcal changes m butter, high acidities aided m 
mimimzmg the putrid defect In the work of Itzerott (43) cream 
acidities below 0 15 per cent had httle effect on the tune required 
for development of the putrid defect m butter Above 0 15 
per cent, however, acidity appeared to have a retardmg influence 
High acidities m conjunction with low temperatures defimtely 
inhibited the defect Unsalted butter from cream with an 
acidity of 0 20 per cent and moculated with rabbito organisms 
showed no evidence of the defect when held between 4 4 and 12 8 
C for 3 weeks However, at higher temperatures (26 7 to 
32 2 C ) the taint developed despite the high acidity 

Long and Hammer (57) mvestigated the resistance of P 
puirefaciens to various amounts of lactic acid m skim milk At a 
pH of approximately 5 3, the organism survived only a relatively 
short time, usually less than 48 hours With pH values appre- 
ciably above 5 3, it multiphed m the acidified milk, and with 
values below 5 3 it was kiUed m less than 48 hours , m one lot of 
milk acidified to pH 4 9, P putr^aciens was killed m 8 hours 
The authors suggested that use of butter culture m makmg 
butter should have a protective action so far as the putrid defect 
IS concerned 

In an mvestigation of the cheesy defect of butter, Turgasen 
(106) found that varymg the acidity of the cream, so that the pH 
of the butter serum ranged from 5 4 to 7 8, did not control the 
spoilage , the source of infection of the butter was the wash water 

Hahn and Boysen (82) showed that m unsalted butter acid- 
producmg bacteria develop more acid m unwashed butter than m 
washed butter This could not be demonstrated m salted butter 
because of lack of acid production m the presence of salt The 
authors mdicated that the smallest water droplets m butter 
are entirely enclosed m the butter granules and do not come in 
contact with the wash water From the outsides of the granules, 
however, the wash water removes all milky material smce butter 
usually IS washed until the water drains clear The water m- 
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corporated during the washing and working processes forms the 
large droplets found in butter, making m effect two entirely 
different types of water droplets in butter Smce calculation 
showed that most bacteria are present m large droplets which are 
chiefly clear water, as compared to the small droplets, the result 
of washmg is removal of nutrient materials For this reason 
washmg protects the keepmg quality of the butter, provided the 
wash water is not contaminated If the water contains hpolytic 
bacteria, thorough washmg might be detrimental for there would 
not be enough lactose m the water to allow significant acid forma- 
tion by the lactic acid organisms 

Hunziker (41) reported that formerly it was thought washmg 
butter improved the keepmg quahty by removmg bacterial food 
However, this is not borne out m commerical practice In 
cream ripenmg the cream is impregnated with lactic acid bacteria, 
lactic acid and its salts, these keep undesirable bacteria m check 
and butter from ripened cream has better keepmg quahty than 
that from unripened cream Lightly washed, unsalted butter 
has better keepmg quahty than heavily washed, unsalted butter 
from the same cream 

Orla-Jensen (69) found that lactic-acid-producmg rods multi- 
phed much more rapidly m unwashed than m washed butter, 
whereas the reverse was true with lactic-acid-producmg strepto- 
cocci Later, he (70) stated that the best method of preventmg 
harmful organisms from developmg to any extent m butter is to 
wash it so thoroughly that they will not find sufficient nutrients 
present 

White (111) reported that P mgnfaciens did not grow at 
pH 5 2m broth or on agar, good growth occurred at pH values 
from 6 8 to 8 4 

The effect of butter culture and lactic acid on fat hydrolysis m 
cream by pure cultures of hpolytic organisms was studied by 
Fouts (19) When butter culture was added to the cream there 
was defimte inhibition of Achromohacter hpolyticum, Alcahgenes 
hpolyhcus and P fluorescens, when lactic acid was added to the 
cream used to culture the organisms, all grew even with enough 
acid to give a titratable acidity of 1 per cent 
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Accumulation of fatty acids m rancid butter has a decidedly 
bactericidal effect on many organisms Schmidt (95) reported 
a rapid mcrease m bactena m a sample of rancid butter, then 
after 20 to 40 days a decrease which contmued almost to sterihty 
of the sample Eichholz (14) observed rancid butter which after 
a tune was free of vegetative forms and contamed only a few 
spores Rumment (91) noted that P fliiorescens does not toler- 
ate the fatty acids m rancid butter 

Hammer and Collins (31) studied changes m numbers of 
bacteria at 21 C m 11 lots of unsalted butter made from steri- 
lized cream moculated with pure cultures of hpolytic organisms 
Early m the holdmg large numbers of organisms were present 
and rancidity developed, later, the numbers of bactena dechned 
until at the last examination (after 15 to 20 days) the counts were 
relatively low The rapid decreases m numbers of bacteria m 
the rancid butter were considered due to accumulation of the 
lower fatty acids It was pomted out, however, that decreases 
m numbers of organis ms m various dairy products, foUowmg 
increases responsible for defects, are common and are not limited 
to defects mvolvmg fat hydrolysis 

While it should be recogmzed that acid has an effect on the 
growth of bacteria m butter, the protective action of acid alone 
may be overemphasized Certam of the organisms considered 
rather sensitive to acid, for example P putrefaciem, tolerate 
pH levels lower than those normally found m butter However, 
addition of butter culture to cream (or wash water) seems to 
mhibit certam organisms and limit certam defects so that the 
protective action of butter culture may be due to products of 
metabolism other than lactic acid The mhibitory effect of 
volatile fatty acids should be recognized, but probably with the 
amounts of the acids normally present m butter this factor is 
not significant 


AIE SUPPLY 

Smce most of the bacteria that develop m butter are compara- 
tively aerobic, the air content of butter is a factor affectmg 
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bacterial growth The relatively large numbers of organisms 
often found at the surface of butter and the mtensity of certain 
flavor defects there usually are attributed to the greater air 
supply 

Lafar (52) reported that the bacterial content of the mtenor 
of butter is much lower than that of the exterior Orla-Jensen 
(68) compared changes m numbers of organisms at the surface and 
m the mtenor of sweet-cream butter held at 18 to 20 C for 6 
weeks At 3 days and each mterval thereafter, the numbers of 
organisms were higher at the surface than m the mtenor The 
surface layer was disagreeable after 3 days and rancid after 7 
days, while the mtenor was not rancid after 6 weeks Gratz 
(24) emphasized that bacteria develop most rapidly m the outer 
layers of butter and, as a consequence, lipolysis is more marked 
and the acid content is higher there He noted that various 
mvestigators have found air normally present m butter, because 
of this some bacterial mcrease would be expected m the inner 
layers 

Hammer and Collins (31) mvestigated the growth of hpolytic 
bacteria m the surface and subsurface portions of unsalted butter 
held at 21 C The bacteria co mm only grew faster at the surface 
than m the deeper layers and early m the holdmg were more 
numerous at the surface, later, the larger numbers were sometimes 
found m the mtenor due to death of organisms at the surface 

Changes m the flora of several lots of canned butter held at 
room temperature were mvestigated by Rogers (86) Imtially 
the flora was made up of lactic acid bacteria, yeasts and a few 
liquefymg bacteria Both the lactic acid bacteria and yeasts 
decreased rapidly imtil at the end of 100 days only a few spore 
formmg bacteria remamed, most of which were hquefiers 

Rogers (87) noted that the whitenmg effect of over-workmg 
butter IS due to the an mtroduced and also that an is worked 
mto butter m the ordmary process of manufactine He reported 
from 5 to 6 ml of an per 100 g of butter Rogers, et al (88) 
found that about 10 per cent by volume of fresh butter was gas, 
this consisted, among other thmgs, of 20 per cent oxygen The 
oxygen content was materially decreased after 13 months at 
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-17 9 C Over-workmg butter m a chum did not appear to 
incorporate more air, it was noted that this cannot be compared 
to over-workmg small amounts of butter with a spatula Sommer 
and Smit (100) stated that over-workmg butter may mcrease the 
air content 

The pore space m fresh butter was found by PickeriU and 
Guthne (72) to range from 0 5 to over 6 per cent Rahn and 
Mohr (84) reported that the average air content of 290 samples 
of butter was 4 2 ml per 100 g , the variations bemg from 0 97 
to 8 38 ml Individual dairies tended to produce butter of rather 
uniform air content although the content varied somewhat with 
the season, bemg high from June to October In fairly well 
worked butter Guthne (28) found from 2 85 to 6 42 ml of air 
per 100 g , with an average of 4 65 ml , m thoroughly worked 
butter there was from 4 17 to 6 70 ml , with an average of 5 37 ml 

Dyer (13) studied changes m the gas content of butter durmg 
storage and found that after 6 months at — 17 8 C the composi- 
tion of the gas m a churnmg of pasteurized sweet-cream butter, 
known to contam bacteria, showed little or no variation from the 
ongmal A portion of the same churnmg held at 0 C showed a 
decided change which was characterized by a decrease m oxygen 
and an mcrease m carbon dioxide The change was further 
mcreased by holdmg at room temperature 

Commonly the numbers of bacteria are greater at the surface 
of butter than m the mterior This suggests that the somewhat 
restncted air supply m the mterior may affect the growth of 
certam bacteria, however, growth is not prevented at favorable 
temperatures smce the amounts of air worked mto butter at the 
tune of manufacture are sufficient for extended bacterial de- 
velopment 


MISCELLANEOUS FACTORS 

The effects of certam miscellaneous factors have been considered 
m the studies on bacterial changes m butter 
Gases Hunziker (40) reported that carbonatmg does not 
destroy the bacteria present m cream which are harmful to the 
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flavor and keeping quality of butter made from it, carbonated 
butter from unpasteurized cream developed the usual bacterial 
flavor defects Commercial carbon dioxide was found by Pres- 
cott and Parker (77) to be practically sterile Butter churned m 
an atmosphere of carbon dioxide had a lower bacterial content 
than butter churned m air, however, buttermilk from the car- 
bonated churmng contamed larger numbers of bacteria than 
buttermilk from the control churmng 

The effects of oxygen, hydrogen, mtrogen and carbon dioxide 
on growth of organisms were mvestigated by Prucha, et al (79) 
After a few trials aU the gases except carbon dioxide were dis- 
contmued because of unfavorable results Carbonation of sweet 
cream tended to suppress certam types of bacteria but did not 
hmder others, the effect was to delay sourmg of the cream for 
a few hours at room temperature and several days at 1 7 C 
When carbon dioxide was apphed at churmng time, by chargmg 
the cream m the churn and by replacmg the air above the cream 
m the churn, no significant benefit resulted, and the fresh butter 
tasted sour In the butter, molds were not i nh ibited and bac- 
teria were not measurably affected However, stormg butter m 
an atmosphere of carbon dioxide inhibited mold growth and pro- 
longed keepmg quahty In additional studies, the same m- 
vestigators (80) arrived at essentially the same conclusions 
Sherwood and Martm (97) reported that bacterial counts on 
butter made from cream treated with carbon dioxide before 
ohurmng did not mdicate that the gas reduced the numbers of 
organisms present In no case was there any great difference 
between bacterial counts on carbonated and uncarbonated butter, 
although various modifications m the manufacturmg procedure 
were used Erbacher and Schoppmeyer (15) found that butter 
stored m an atmosphere of carbon dioxide developed an off 
flavor due to absorption of the gas, while storage m atmospheres of 
hydrogen or mtrogen accelerated putrefaction 
Preservatives Although use of special preservatives m butter 
IS now rare, they were employed extensively at one time The 
compounds varied m nature, it appears that some of them were 
inferior to salt 
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Fischer and Gruenert (18) compared various conservation 
materials used to mcrease the keepmg quality of butter These 
mcluded salt, benzoic acid, hydrm (a preservative analyzmg 
13 67 per cent free benzoic acid, 9 16 per cent sodium oxide, 
7 52 per cent phosphorus pentoxide, 35 14 per cent salt, 9 26 
per cent lactic acid and 24 89 per cent water) , sahcyhc acid and 
boric acid Salt was considered to be much superior to the other 
compounds mvestigated 

Orla-Jensen (70) reported that, where permissible by law, it 
IS advisable to add to butter 0 75 per cent benzoic acid, 2 per cent 
sodium benzoate or a mixture of 0 5 per cent benzoic acid and 0 5 
per cent sodium benzoate Benzoic acid was regarded as one of 
the less objectionable preservatives smce it is transformed m the 
human body to hippuric acid 

Use of boron preservatives was mvestigated m New Zealand 
(1) In seven experiments m which the amounts of preservatives 
ranged from 0 08 to 0 99 per cent, the average quahty of the butter 
was only shghtly m favor of the preserved product It was con- 
cluded that the preservatives had httle effect m sustaimng keepmg 
quahty, either m cold storage or afterwards at room temperature 

Weigmann (110) reported that m various countries it formerly 
was the practice to treat butter with different conservation 
materials, such as boric acid preparations, sugar, saltpeter and 
gum arable, he also reported that fluondes have been detected 
m French butter 

Treatment of wash water Smce contammated wash water has 
been the cause of many outbreaks of defective butter, various 
treatments have been proposed for creamery water With some 
of these, such as pasteurization, no mhibitory effect would be 
expected to carry over mto the butter, but with others mvohmig 
addition of some bactericidal material to the water the substance 
may influence bacterial growth m the butter itself 

Salmon (92) recommended that water used to wash butter be 
purified with ozone and reported that this treatment preserved 
the natural flavor of butter and retarded rancidit}’’ Dormc and 
Dane (12) sterilized wash water for butter with ultrainolet light 
and considered the process a practical one 
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Demeter and Haase (11) mvestigated the effect of washing 
butter with water treated by the katadyn process In fresh 
butter there was considerable reduction m numbers of organisms 
which grew on lactose agar and on casern agar and also of acid- 
formmg organisms, no effect was noted on proteolytic or Es- 
chenchiOnAerobacter species When the washed butter was held 
m cold storage, there was no action on proteolytic organisms 
Butter washed with water treated too strongly developed a 
metaUic taste 

Sorensen (101) pomted out that creameries located m large 
cities constantly use water which contains 01to05ppm of 
available chlorme, when water containing 5 p p m of available 
chlorme was used to wash butter no chlorme could be detected 
m the water as it left the churn Hunziker (41) reported that 
wash water for butter may be sterilized by treatment with 25 
to 35 p p m of available chlorme and mdicated that this amount 
has no objectionable effect on the flavor of butter 

Various outbreaks of bactenal spoilage m butter have been 
controlled by treatment of the wash water Jensen (46) de- 
scribed an unusual condition which was effectively prevented by 
chlormation of water and heat treatment of utensils It mvolved 
variations m the quahty of butter from one part to another of the 
same box The property chiefly affected was the flavor and, m 
weU-marked cases, areas havmg a distmct off flavor were found 
mterspersed with areas of normal flavor The defect was not 
noted m freshly made butter, but m butter held at 4 4 to 10 C 
or higher it developed rapidly, becoming noticeable m 3 to 4 
days It was attributed to localized action of microorganisms 
carried to surfaces of the butter by wash water and utensils used 
m the packmg operation 

Ultraviolet light and x-rays Dormc and Dane (12) stated that 
butter cannot be sterihzed by ultraviolet hght on account of its 
opacity and because of the production of a tallowy taste and odor 
by the ozone generated by the lamps A method for mcreasmg 
the keepmg quality of butter by irradiatmg with x-rays for 10 
min utes and stormg m an atmosphere of carbon dioxide was 
proposed by Punenov (73) Irradiation with ultraviolet hght for 
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5 minutes permitted even longer keepmg Contrary to the re- 
sults of Dornic and Dane (12), the latter treatment did not affect 
the organoleptic properties of the butter 

TABLE 1 


F adore hrmltng badendl growth in butter and suggested counterbalancing influences 


7ACICntS LDCXmo 
caowiH 

svGOESiZD covtnetsMMicDta JKrLuzmxs 

Fine dispersion of 
water 

High initial contamination resulting in many infected water 
droplets 

Printing butter under conditions tending to aggregate water 
droplets 

Action of salt in tending to aggregate water droplets 

Low temperature 

1 

1 

Presence of paychrophibc organisms which grow just above 
freezing point of water 

Eicposure of butter for short periods (during handhng, etc ) 
to temperatures allowing rapid growth 

Depression of freezing point of water in butter by salt 

Addition of salt 

Poor distnbution of salt 

Relatively httle salt added 

High imtial contamination 

Presence of salt-tolerant species 

Adaptation of certam species to relatively high salt concen- 
tration 

Use of butter cul- 
ture, acidity 

N ladis less salt-tolerant than many other species 
Inhibition of S laclts but not psychrophihc species by hold- 
ing temperatures 

Acid content of salted butter and some unsalted butter 
commonly too low to inhibit orgamsms 

Air supply 

Air incorporated in butter during manufacture sufficient 
for many species 

Special preserva- 
tives 

Some that have been suggested not as effective as salt 

Treatment of waahi 
water 1 

Outbreaks of defective butter attnbuted to contaminated 
wash water actuollj due to some other cause 


GENERAL CONSIDERATIONS 

From the studies reported in the literature it is e^^dent tliat 
there are various factors wluch tend to restrain the growth of 
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bacteria m butter The data suggest that some of these are very 
effective if they are completely operative, and the combmed 
action of two or more of them would be expected to control 
bacterial action However, under commercial conditions bac- 
terial spoilage of butter occurs rather frequently, even when 
protective measures are employed m the manufacture This 
spoilage mdicates that there are influences tendmg to coimter- 
balance the restraining actions When bacterial growth occurs 
m butter it is probable that more than one of these counter- 
balancmg influences are mvolved In general the growth of 
bacteria m butter must be considered froin the standpomt of the 
balance between the factors restrammg growth and those favormg 
growth, m this balance the effect of the extent of contammation 
IS frequently overlooked 

The factors hmitmg bacterial growth m butter and suggested 
counterbalancmg influences are listed m table 1 
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